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t3.  ABSTRACT  (Meaimum  200  worth) 

The  report  presents  the  results  of  a  limited  flight  test  investigation  of  pilot-induced  oscillation  (PIO)  due  to  elevator  rate 
limiting.  The  objective  of  tliis  effort  was  to  gather  in-flight  and  ground-based  sitaulation  data  on  longitudinal  PSO  tendencies 
due  to  elevator  rate  limiting.  Frsifminaiy,  ground-based  simulation  was  conducted  at  the  USAF  Test  Pilot  School  (TPS)  from 
1  March  to  9  April  1997.  Nine  sorties,  totaling  12.8  flight  hours,  were  flown  in  the  NT-33A  aircraft.  Additional  ground-based 
simulation  was  conducted  at  the  Flight  Dynamics  Directorate,  Wright-Pattereon  AFB,  Ohio,  on  25  .April  1997.  The  USAF  TPS 
was  the  responsible  test  organization. 


14:  SUiJSCT  TERtas 
NT.33A 
rate  limiting 
simulation 


?.  agcDHRY  CL 
or  REPORT 


tSSIFiCATlOM 


UNCLAS_SIFIED 
NSN  7S40-6U2855T00 


flying  qualities 
nonlinearities 

pilot  vehicle  interface  (PVi) 

TOlcuSiwcSlliFicAfrbw^ 

0?  TH!@  MSg 

ITOCLASSIFIED 


handling  qualities 
pilot-induced  oscillation 
aircraft-pilot  coupling 
wnScuRiWcSHTFicAfioS” 

OFASgTRAST 

UNCLASSIFIED 


ga.  LtMiTATiOM 


Standard  Form  IS8  (Hev. 

PrasSlBsa  by  AhiSI  Sit!  Z39-18 
im-\02 


ITiis  report  presents  the  results  of  a  limited  pragrarn  was  requested  and  fended  by  the  Flight 

flight  test  Bivgstigatioa  of  piiot-mdwsod  oseiliatioa  DyBasaks  Direetorate  of  Wright  Laboratory, 

(PIO)  due  to  elevator  rate  llmitmg.  The  objective  of  Wright=i^erson  AFB,  Ohio,  and  directed  by 

diis  efFoit  was  to  gstlier  ia“ flight  and  pound-based  the  CoimaaadaHt,  USAF  'fPS,  under  job  order 

siinuladoit  data  on  iongitudinai  PIO  taidendes  due  number  M96J0200. 

to  elevator  rate  limiting.  The  USAF  Test  Pilot 

School  (TPS)  was  the  responsible  test  organization.  Special  thanks  are  due  to  the  CaJspan  flight  and 

ground  crew  mcluding  Mssrs.  Lau  Knofis,  safety 
Descriptions  of  the  configur^oas,  inaatmeiration,  pilot;  Mike  Sears,  crew  chief;  and  Jim  Priest, 

test  methods,  and  test  procedures  are  provided  eaginesr.  Additionally,  Mssrs.  Dave  Mitchell  sad 

withra  the  test  and  evaluation  section  of  tfiis  Roger  Hoh  of  Hoh  Aeronautics  aided  sigtiiftcaiitiysa 

report.  Results,  data  products,  data  amalysis,  the  development  of  Sfse  test  plan,  tost  Kiatrk,  and 

and  the  fliglit  tests  are  also  discussed.  The  test  analyses  of  *e  result. 
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'This  report  proserits  fee  results  of  a  limited  flight 
test  investigatioB  of  psiot-induc^  oscillation  (PIO) 
due  to  elevator  rate  ItasitiHg.  llie  objeedve  of  this 
efet  was  to  gsthsr  in-Sight  and  ground-based 
stomlation  data  on  iongitudinai  PIO  tendeaeies  due  to 
eisvator  mte  limiting.  This  data  were  incorporat®i  into 
the  PiO  database  at  Wright  L^ratmy  to  improve 
g-ouTid-based  siniuktion.  The  USAF  Test  TlSot  School 
(TPS)  v^m  the  responsible  test  orgsaiaadon. 

Prelifflinary  groutid-based  simuisdon  was 
conducted  at  fee  USAF  IPS  from  i  March  to  9  April 
1997,  Flight  testing  was  conducted  using  the 
NT-33A  in-flight  simulator  aircraft  st  fee  Air  Force 
Flight  Test  Center,  Edwat'^  AFB,  CaliFonda,  from 
1 1  to  22  April  1997.  Nias  sorties  totaling  i2.§  flight 
hours  were  flown  in  the  NT-33A  aircraft.  Additional 
ground-based  simulatioa  was  conducted  at  the  Flight 
Dytiamies  Directosate  of  Wriglrt  Laboratorj', 
Wright-PaKerson  AFB,  Ohio,  on  2.5  April  1997.  ITie 
test  program  was  requested  and  funded  by  fee 
Flight  Dynamics  Directorate  of  Wright  Labcratoiy, 


Wright-Patterson  AFB,  Ohio,  ®ad  dirsetad  by 
fee  Cosmasidant,  USAF  TPS,  under  job  order 
number  M96J0200. 

All  test  objectives  were  met.  Tferee  aircraft 
cenfigarafrons  wm  verified  and  then  flowti  on 
fee  hrr-33A  and  fee  ground-based  Large  Amplitude 
Multimode  Aerospace  Research  Simulator 
(LA.MARS)  using  two  head-up  display  tracldsig  tasks 
and  seven  elevator  rate  lintiis.  Tiiie  ccsifigssrations  were 
represented  by  three  different  longitudinal  dynamics 
fii^it  control  teplementations.  fri  totel,  36  test 
conditions  were  flown  by  at  least  2  pilots  in  the 
NT~33A  aircraft,  while  27  test  conditions  were  flown 
by  at  least  2  pilots  in  the  LAMARS,  Comparisons  of 
fee  LAMARS  to  fee  K'T-33A  aterafi  assume  feat  the 
LAMARS  was  representative  of  fee  NT -33A  aireraft; 
however,  an  isstse  conesramg  fee  simulation  matching 
■NT-33A  flight  test  results  was  not  resolved.  A 
database  of  pilot  comments  ajtd  ratings,  as  well  as  time 
histories,  was  generated  For  both  in-flight  and 
ground-based  siiaulation. 
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Aecordiing  to  &  report  from  the  National 
Research  Couiicii,  the  most  importaMt  design  tool  for 
avoiding,  disGoveiing,  and  correcting  pilot  induced 
oseilktion  (PIO)  is  simulation  and  totaiysis  to  seek 
out  tinexpeoied  trigger  events  mid  interactions 
(Reference  1).  Uafottoaately,  PIO  is  difficult  to 
detect  in  a  siniuktor.  Hie  Narioasl  Reseaieh  Council 
rqjosi  (Reference  1)  goes  on  to  say  tltat  almost  ail 
new  %“by"Wire“equipf^d  aircraft  have  exliibited 
PiO  events  at  some  time  during  deveicpnsent.  TiiC 
PIO  evente  usually  oceur  when  toe  pilot  is  engaged 
in  demaadmg  tasks,  working  hard  to  precisely 
control  the  airerafr. 

The  Flight  Dynamics  Directorate  of  Wright 
Laboratmy  has  been  researehteg  the  ability  to 
predict  PIO  tendencies  on  giound-based  simuletors 
(Reference  2).  Past  wosk  utilized  the  li^ES  HAVE 
PIO  database  which  examined  PiO  due  to  iineai- 
causes  in  the  landing  phase  (Reference  3).  This 
research  aided  in  die  deveioptaent  of  methods  and 
tecliniques  to  foster  correiate  simulator  predictions 
with  ta-fliglit  results.  The  Flight  Dynamics 
Directorate  wished  to  expand  the  PIO  database  to 
include  norilinear  eifecte  such  as  elevator  rate 
limiting  at  multiple  iliglit  phases.  The  1996  HAVE 
GRIP  flight  test  program  examteed  PIO  due  to 
elevator  rate  limiting  in  toe  landing  phase  using  the 
Calspan  variable  stability  Leasjet  (Reference  4). 
Conclusions  from  toe  HAVE  GMP  program  holjied 
define  the  test  condition  raaoix  for  this  test  program. 

Hi®  objective  of  a  limited  flight  test 
investigation  of  PIO  due  to  elevator  rate  limiting 
(HAVE  LIMITS)  was  to  gather  in-flight  and 
ground-based  simuiation  data  on  longitudinal  PIO 
tendencies  due  to  elevator  rate  limiting,  'fhe  USAF 
TPS  was  to®  responsible  tost  organization. 
Differences  from  the  HAVE  GRIP  flight  test 
program  include  rnultipfe  airmfl:  configurations, 
different  tasks,  and  s  different  flight  phase  (cruise). 
Also,  HAVE  GRIP  did  not  have  the  pilots  fly  any 
ground-based  simuletora. 

Tiie  NT-33A  aircraft  was  used  during  this  test 
progt^  with  three  different  iaiigstudinal  aircraft 
dyissmscs.  Several  handlmg  quaiities  md  PIO  criteria 


waie  employed  to  malte  estunutes  of  £h®  expseted 
flight  results.  None  of  these  eriterit  explicitly 
addresses  the  effect  of  rate  liiaifeg,  however.  The 
linear  short-period  approximstioas  for  the  tiirec 
nott-rate-iimited  configurations  were  used.  Rate 
limiting  iniKiduces  a  .signifi^t  phase  lag  in  airplane 
response,  so  it  was  assuxusd  that  toe  pimary  effect  of 
rate  liaiitiag  would  bo  an  effective  mcrease  in 
tkic  delay. 

Figures  AT  through  A 10  show  pradictsd 
haadling  qualides  and  susceptibility  to  PIO  for 
the  tliree  configurations  without  rate  limiting. 
Contlguiation  2D  was  expected  to  be  Level  1  (the 
Neai-Smito  criteria  suggested  it  migirt  be  Level  2). 
Configuration  2DU,  augmentation  active,  was  also 
expected  to  bs  Level  I  (Level  2  on  Neat-Smito), 
though  an  additional  pitch  r^e  overaiioot  criterion 
developed  by  Hoh  Aeronautic.^,  not  shown  in 
Figures  A7  through  A 10,  suggested  Level  .2  flying 
qualities  would  be  expected.  Finally,  configuration 
2P  was  expected  to  be  Level  2  and  possibly  exhibit 
PIO  tendencies. 

Wito  the  added  time  delay  i’esulting  from  s'ste 
limiting,  configuration  2D,  with  its  very  higij 
bandwidth,  was  expected  to  be  relatively  resistant  to 
PIO.  With  very  low  rate  limits,  it  was  likely  that  tins 
configuration  would  become  uivfiyablc  due  to  a 
lack  of  airplane  response  before  it  would  develop 
sastsined  PIO.  Configumtion  2P  was  expected  to 
show  PIO  with  rate  limitmg.  For  configiimtioa  2DU, 
toe  effect  of  rate  limiting  was  expected  to  be  sudden 
and  dramatic;  in  the  absence  of  rate  liraitmg,  it  was 
expected  to  be  good,  and  become  strongly  divergent 
when  rate  limiting  was  resehed.  inte  temiino'iogy 
used  for  the  three  airctaft  models  Is  provided  in 
Table!. 

The  NT-33A  aircraft  was  flown  using  two 
head-up  display  (HUD)  tracking  tasks  designed  to 
make  the  pilot  increase  gahi  to  precisely  conteol  the 
aircreft.  Hie  HUD  tracking  tasks  were  also 
profrajamsd  aid  displayed  in  the  two  grouad-btsed 
simulators.  Seven  different  elevator  rats  limits  were 
used  in  boto  simuiation  and  flight. 


i 


i 


D 


E) 


E) 


1 


© 


T^ls  I 

DEFINIllON  OF  IHE  USEE  AIRCkAFr  MODELS 


1  Aircraft 

1  Models 

1  "aD 

Description  of  Simulsted  Aircraft  Loagitudiaa!^  ^ 

Tested  Good  Ais'sraft,  Laval  1  Handling  Qualities 

1  2? 

iib  wife  Additional  Phase  Iteg  I 

|^2DU 

Predicted  Ursstabk  Aireraft  Augmented  to  I.eve! !  Handling  Qualities  i 

PROGIiAM  CHEONOLOG-Y 

Itiis  test  progs'®!  used  the  psadips  of 
predist-tsst-compare,  Mtsg  wMi  saaaiyti^  prsdidisas, 
pilots  pcsedced  liis  HUD  s»±ssg  bsgfesHUi  ia 
Mareh  1997,  on  fee  USAF  IPS  gjxHBsdhbased  sisaulstoi' 
dc-svdoped  by  High  Piakis  Eagmeeriag.  Daring  this 
simuMoe,  various  elevator  rate  limta  were 
coQsidered  aad  esM>lislied  for  use  on  the  NT-3  3 A. 
FligSit  tests  said  ground  laodel  veriScarioa  were 
conducted  using  fee  NT*33A,  at  fee  Air  Fsree  Flight 
Test  Center  (AFFTC)  EdwM’ds  AFB,  California,  from 
1 1  to  22  April  1997.  Nine  sorties  totaling  i2.S  fliglit 
hours  ws’e  flown  is  the  NT-33A.  Compas'arive  tostmg 
was  oofflpieted  on  25  April  1997,  when  fee  evaiuatiaa 
pilots  flew  the  majority  of  fee  configmutions  flown 
during  flight  test,  on  the  ^uad-based  Large 
Arapiiiude  MuliiiBode  Aerospace  Research  Simulator 
0>.WARS)  wife  motion.  The  simulator  is  loessted  at 
fee  Fli^s  Dyasmks  Dsesstemts  of  Wright  Lafeoistoty, 
Wright-PaWersoH  AFB,  Ohio. 

TEST  FTEM  EESCMPTiON 

Mie  tes  items  were  three  longitudinal  alrcrafl 
makls  listed  in  Appendix  A.  The  latoi^-fercaional 
model  used  for  fee  tost  pre^'am  was  fee  same  for  all 
feree  configurstions  and  is  also  listed  in  Appendix  A. 
The  sasis  alrcrafl  dynOTies  flown  in  the  NT”33A 
aircrafl  were  mafeematlealiy  modeled  aad  flown  in  fee 
USAF  TPS  siatidstor  sad  LAMr4IlS  with  motion, 
Specifle  desoiptiens  of  each  of  these  tost  assets  are 
listed  m  Appendix  A. 


TEST  OBJECTIVES 

The  overaii  test  objective  was  to  gafecr  in-flight 
md  ^ound-based  simulation  data  on  longitudinal 
PIO  tendencies  due  to  elevator  rate  lixaitiag.  To  meet 
this  overall  ©fejective,  date  were  gathered  using 
airersfl  dynamies,  a  nmge  of  elevator  rate  iimite,  and 
two  I-IUD  tracldug  tasks  as  shown  in  Figure  1. 
Daiiag  an  evaluation,  the  pilot  flew  one  of  the  two 
HUD  Sacking  tasks  on  either  the  ground-based  or 
in-flight  simulator  wife  a  particular  set  of  aircraft 
dyaamics  atid  one  of  fee  elevator  rate  limits.  Each 
evaluation  gsnerated  a  database  of  pilot  ratings, 
comnrents,  and  time-hi.'ttory  data. 

Tfre  following  four  specific  test  objectives  were 
developed  to  meet  fee  overall  objective; 

1.  Veri^  the  airerafl  models  hi  Appendix  A 
were  coitectly  anpieinented  on  fee  NT-33A  aherafh 

2.  Detenarae  a  range  of  elevator  rate  limits  for 
use  on  fee  NT-33A  airctaft  duriitg  flight  test, 

3.  Gather  in-fliglit  date  for  the  tost  eonditioHS 
ia  Appendix  A,  aid 

4.  Gafeer  ground-based  siraulation  data  using 
LAMARS  for  fee  test  conditions  ia  Appendix  A  for 
comparison  wife  in-fligiit  data. 

All  test  objective.^  were  met. 
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Figure  1  Test  Frograin  Concept 


TEST  ANB  EVALUATION 


GENERAL 

AH  test  objectives  were  met.  The  preiimisiai-y 
sbiuiatloH  was  csodacted  in  the  USAF  TPS 
smmlator  to  pi'actice  mission  conduct  and  determine 
a  smige  of  possible  elevator  rate  limits.  Based  on 
USAF  TPS  simuiatisn  results,  a  range  of  elevator 
rate  limits  was  given  to  Calspsn  prior  to  tlieir 
checkout  ®d  vsiificatloa  flights  in  Buffalo,  New 
York,  oa  24  and  27  Marsh  1997.  Calspan  verifjsd 
the  aircraft  models,  the  HUD  tracking  tasks,  nnd  a 
lunge  of  I'ute  Ibiks  for  use  in  flight  te.«ts  at  ths 
AFFTC,  Edwards  AFB,  California,  frnm  1 1  to  22 
April  1997.  !>umt|  fright  test,  nine  sorties  totslmg 
12.§  flight  hours  (three  sorties  per  evaiuatieu  pilot) 
were  tlewn  at  Edwartfe  AFB,  m  the  NT-33A  aircraft. 
It  was  assumed  diat  grovmd>based  simulation  in 
L.AMAitS  was  done  with  the  same  rate  imiiis, 
aircraft  models,  and  HUD  trackiag  tasks  as  those 
used  in  tiie  NT-33A  test  flights.  Figure  2  provides  sjt 
overview  of  the  test  program  flow. 

.4U  testing  was  conducted  using  the  aa*craft 
models,  rate  limits,  arid  tTsokiag  tasks  described  in 
Appendix  A.  The  aerodynamic  modeis  were  poim 
designs  for  250  knots  and  10,000  feet  pressure 
altitude.  Fiighf  test  brierings,  in-fligiit  execution,  and 
postfiigitt  debriefings  were  compieted  in  accordance 
witli  (lAW)  the  piweduj'es  in  Appendix  F. 
All  NT-33A  flight  testing  was  accomplished 
iti  the  cnilse  configuratioH  (gear/flaps/speedbrake 
retracted).  Ground-based  simulation  in  LAMARS 
was  done  after  flight  testing  so  the  exact  test 
eondition-s  tested  in-flight  were  simulated. 
Requirements  for  tiie  procedural  flow  of  the  test  plan 
are  detailed  in  the  Requirements  Traceability  Matrix 
(Appendix  E)  and  the  Project  HAVE  LIMITS  test 
plan  (Reference  5).  The  HUD  trasking  tasks  flown  in 
the  USAF  TFS  simulator  astd  LAMARS  were 
assumed  to  be  the  same  as  the  NT-33A.  aircraft  as 
described  irs  Appendix  A. 


I«  accordaitce  with  the  paradigm  cf  prcdict-test- 
compare,  the  foUowiag  two  analytical  methods  were 
used  to  verify  tire  three  aircraft  modeis: 

!.  MteSvsiqp  response  comparison  witli 
M4TLAB®  time-domsin  pfsdiedem,  and 

2.  Frequency  response  analysis  (FRA)  with 
lower  order  equi  valent  systan  (LOES). 

During  tlie  first  checkout  flight  in  Buffalo, 
New  Yoik,  the  Calspan  pilot  iniri&ted  programmed 
pitch-step  inputs  for  the  tluec  aircraft  models  defined 
in  Appendix  A.  Tne  Caispan  pilot  also  conducted  a 
40-seeond  manual  pitch  frequency  sweep  of  the 
tiiree  aircraft  models.  The  standas'd  NT-33A  aircraft 
elevator  rate  limit  of  i57  degrees  per  second  was 
used  for  modci  verification.  ITte  time-domain  data, 
defined  iti  Appendix  D,  were  collected  by  Calspsa 
and  provided  to  USAF  TFS  for  analysis.  Caispan 
also  provided  FRA  with  a  LOES  estLmation  for  each 
aircraft  response  model  based  on  ftieir  own  criterion 
which  was  diffemit  fr  om  the  one  suggested  m 
MIL-ST0-i797A  (Reference  6).  Time-domain  data 
from  tlie  Caispan  checkout  flights  were  compaivd 
against  prefligiit  predictions  modeled  in  MATLAB* 
version  4.2C.  Final  data  products  consist  of 
time-domain  comparisons  of  pitch  response  to 
psedictioas.  Bode  plot  compai'isons  of  aircraft 
<fy)aaBuc.s  to  the  LOES  estimation,  and  a  table 
compaiing  the  LOES-estimated  second  order  airei-aft 
dynamics  to  &e  requested  aircraft  dynamics. 
Successful  aii’craft  response  verification  was  defhred 
as  Flight  DynamiGs  Directorate  acceptance  of  the  three 
aircraft  models  based  on  quick-look  data  pstxiwcts 
provided  prior  to  test  at  Edwards  AFB. 


Figt5re2  Test  Ffogsam  Flow 


‘llie  airefaft  madels,  dsfeed  b  AppeB& 
A,  wers  suc^nsfaHy  verifed.  Ths  NT-33A  model 
vilidsiloa  flight  tess  was  ceaducted  by  Calspaa  oh 
27  Msrefe  1997.  The  filght  test  fflsd  sa'lbseqtisst 
quiek-iook  saalysesi  ws®  e^ffipisted  prlw  to  fee 
be^aaing  of  testing  st  Edw^«i  AFB  an  li  Aptil 
1997.  As  stated  sa  the  procsdta^,  da^  products 
mduded  both  time-domaa  and  FRA  compaisons. 
Time-deraaia  step  response  insults  are  presented  in 
Figut®  BL  llie  thit®  tiias"domals  piteh  tespsass 
figures  compa-s  test  resute  to  requested 
aJicrafi  dysiamic  response.  Frequency-doasin  results 
are  also  presented  in  Figures  B2, 13,  sad  B4  for  She 
fbse  sis'om^  models. 

Calspaa’s  criterion  improved  the  accuracy  of  the 
LOES  match  with  respect  to  the  FlA  flight  test  data 
at  tow  frequejicy  (Figures  B2,  B3,  and  B4). 

Frequency-dotaain  validation  of  the  three 
aircmi't  models  was  based  on  the  LOBS  estimadon  of 
aii'craft  response  compared  to  the  requested  aiseraft 
d^^smics.  Percent  differences  arc  listed  in  Talrk  2. 

Hre  most  sigaificmt  differsaset!  was  the  2DU 
dyuaraio  response  (both  short  period  damping  [4^1 
and  n^-al  frequency  [tSa^]),  to  bo&  dr®  iima-doffiaiii 
(I'igure  BI)  and  the  frequeacy"do'iaaiii  (Figure  B4), 
2DU  fli^t  test  results  did  not  provide 


an  cKflct  mtstoh  to  the  requested  dyKamics.  Ihs 
time-  and  frequescy-dosmsin  compisrison  of  2DU 
was  provided  to  the  Fii^t  Dyrianiics  Drrectorsto 
prior  to  flight  test,  While  the  Flight  Dystamics 
Dkcctomte  acknawiesiged  the  differences  feetwees 
2D  SH'i  2DU,  they  approved  the  three  stecra® 
dynsaics  as  satisfactory  for  fee  purpose  of  this 
elevator  rate  limit  mvestigadoa, 

BE'l’EEMINATlON  OF  ELEVATOR 
RATE  LIMIT  EAKCE 

Tlis  range  of  elevator  rate  limits  to  bo  used  in 
the  actual  t1i|ht  test  pre^wn  wss  detetmisied 
through  a  feree-stq)  process. 

1.  ’rhe  USAF  TPS  simulator  was  used  to 
peifortn  an  elevator  rate  limit  iavesfigation  to 
recommend  a  mge  of  elevator  rate  limits  to  Calspan 
prior  to  checkout  flights  in  Buffitio,  New  York.  ITie 
inve.stsgation  consisted  of  pilots  fiying  the  2D 
aiicraft  model  with  fee  smtt-of-siacs  and  discicte 
tracking  tasks  wife  various  elevator  rate  limits.  The 
evaltsatioa  crltarfa  for  fee  investigation  was  the 
percentage  of  time  on  fee  simulated  elevator  rate 
liiait.  The  success  criteria  for  the  USAF  TPS 
simulator  wss  &  range  of  elevator  rate  limits  that 
provided  different  percentages  of  time  (<5  to  >20 
percent)  or  the  simulated  elevator  me  limit. 


Table  2 

COMPARISON  OF  LOWER  ORDER  EOlfiVALENT  SYSTEM  SECOND  ORDER  AIRCiCAFT 
RESPONSE  Willi  REQUESTED  AIRCRAFT  DYNAMICS 


Model 

r^ifatarffgTsaatn^ft 

Farameter 

piTi'iHaV  — TTi - FTfTT' Ti~VTir| 

Flight  Test 

Lower  Order 
Ef^ilvalent  System 

Requested 

AkcratT 

Dynamics 

Difference  (pet) 

re^si 

2D 

"'T740’’ 

'"^0.7" 

-i-S.fl  ^ 

®ii  so  (tad/sec) 

4.§d3 

4.9 

T« 

0J37 

0.8 

+4.63 

+3.71  i 

2P 

0.740 

,rr  irr.  ,  -r  .  , 

4.§63 

4.9 

•4>.76  1 

. 

0.837 

^  ^OJ  1 

+4.6.1 

1 

4as 

0.640 

0.7 

1  2DU 

«Oaa,(fad/£efi) 

3.166 

4,9 

+5.43  i 

1.1 

0.837 

O.S 

Ti-.-.iT7Tt  jrn>'nn~trT  BiiiiTarTiTT 

■^.63  1 

Notes:  i.  ^  -  short  period  damping  ratio 

2.  -  $hoft  period  siatssral  fequsacy 

3.  Tgj  -  hi^  Sweeney  pitch  atthude 
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D 


s> 
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2.  Dsinsig  checktHit  flights  to  BuffsSo,  New 
York,  Ca&pas  pilots  Sew  diifsrsHt  elevator 
rate  iimte  within  tfje  range  detemiasd  is  the 
USAF  TPS  siffiulator  using  the  same  2D  airerafi 
mods!  and  tasks.  Calspan  then  rccoraineBded  flnee 
prirtiaty  atid  four  bsek-up  rate  iimits  for  the  test 
progmxi.  Calspan  based  their  recomKJsndation  oh 
achieving  a  range  of  values  for  percentage  of  time 
on  stevator  rate  limit. 

3 .  Dumg  fiight  test  sortie  1 ,  an  evaluation  of 
the  Calspan  recommeiided  eievator  rate  limits  was 
completed.  After  the  flight,  data  were  evaluated 
from  each  test  point.  Evaluation  criteria  were  a 
quick-look  atjalysis  of  Cooper-Haiper  (CH)  and 
PIO  ratings.  ITie  success  criteria  was  a  qualitative 
comparison  of  flight  test  results  and  prefligiit 
predictions. 


Based  on  the  USAF  TPS  ground-based 
simulation,  elevator  rate  limits  of  10,  20,  30,  40, 
SO,  and  60  aegrees  per  second  were  recommended 
to  Calspan  prior  to  their  checkout  flights.  Calspan 
then  flow  with  tiiese  elevator  rate  limits  on  24  and 
27  March  1997,  and  recommended  three  primaiy 
and  four  secondary  values  which  are  listed  in 
Tabie  3. 


Table  3 

CALSPAN  RECOMMENDED 


ELEVATOR  RAl'E  LIMITS 

rPrira^Hevafer 

aatsi.ca<KSiaegastjiii.w.i.  to  nii  ragTan 

Secondary  Elevator  I 

1  Rate  Limits 

Rate  Limits  | 

1  (deg/'sec) 

(deg/sec)  | 

I 

1  40 

30  1 

1  50 

60  1 

1 

157  1 

Note:  ’  -  not  applicable 


lire  three  primary  elevator  rate  limits  wars 
flown  and  qualitatively  evaluated  by  USAF  TPS 
and  Csispaa.  The  priitiary  elevator  rate  limits 
produced  a  foil  range  of  CH  and  PiO  ratings. 
Thirteen  evaluations  were  made  during  the  first 
sortie  (eight  to  nine  evaluations  were  esiaected). 
Due  to  this  increased  test  point  effekney,  the  test 
team  dslerniinec  the  sgcondaiy  elevator  nate  limits 
could  also  be  svaSuated  in  sorties  2  through  9. 


IN-FLIGMT  BATA  COLLECTION 


Each  test  condition  in  Appendix  A  was  flowm 
by  at  least  two  pilots.  If  the  CH  ratings  differed  by 
more  tliaa  two  for  miy  test  condition,  that  test 
condition  was  flown  at  least  three  times.  Prete.it 
briefing,  test  execution  procedures,  md  debriefing 
requirements  are  listed  in  Appendix  F. 


Pilot  comments  were  recorded  oa  audio  and 
HUD  video  referencistg  the  pilot  comment  em'd  in 
Appendix  D  for  each  test  condition  flown.  The  CH 
and  PIO  ratings  (using  die  respective  scales  in 
Appendix  D)  were  given  by  each  pilot  for  each  test 
condition  flown.  Time  histories  of  tlie  paOTuetere 
listed  in  Appendix  D  were  recorded  for  every  test 
condition.  After  each  sonic,  tlte  evaluation  pilot 
tianscribed  his  comments  w'hile  reviewbg  the 
HUD  audio/vidco  recording. 

All  test  poiats  in  fl»e  test  condition  matrix  in 
Appendix  A  weie  flown  at  2S0  *20  knots  at 
10,000  ±1,000  feet  pressure  altitude.  The  safety 
pilot  controlled  the  throttle  to  maintain  ah^pecd. 
To  ensure  objectivity,  the  evaluation  pilot  did  not 
know  which  test  point  was  being  evaluated  and 
was  allowed  to  repeat  any  point  as  necessary. 


Appendix  C  contains  asr  overali  evaluation 
of  each  test  condition,  pilot  comments,  aad 
sample  time  histories.  The  36  different  test 
conditions  flown  on  the  NT-33A  aircraft  are  listed 
in  Table  4.  Experiment  number,  aircraft 
configuration,  task,  rate  limit,  CH,  and  PIO  ratings 
are  listed.  Pitot  ratings  by  different  pilots  are 
separated  by  Multiple  ratings  by  the  sajini.e 
pilot  are  separated  by ‘T'.  Tl)®  order  of  pitot  ratings 
is  Pilot !  I  Pitot  2  |  Pilot  3.  If  a  given  pilot  did  not 
fly  a  test  condition,  a  is  used. 

Figures  3  and  4  arc  graphical  representations 
of  the  CH  and  PIO  ratings  for  each  test  condition 
evaluated  in  flight.  Each  of  the  sis  subplots  in 
Figures  3  and  4  shows  the  ratings  for  a  particular 
aircraft  configuration  and  task  over  the  rang®  of 
rate  Itests  and  pilots  (e.g.,  2D,  discrete  task,  rate 
limits  10  to  157  degrees  per  second,  ail  three 
pilots).  In  the  figures,  tssSc  is  broken  out  by  subplot 
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cslsiimsj,  a&wa®  isoa%uisJioK  by  sab^Ss?  mw.  GEO'IJNil-SASEB 
Rate  Husit  is  varied  over  fee  x-gxk  ir«  ess6  pist,  ®sd  SISfULATION  I>ATA 
pilots  ure  id^^fled  by  sym'boSs.  The 


foSlcjwiag  aaalysis  of  rMhsg  "imid$  is  ferdsea  down 
fey  SffCi-at  eeaSgiastsosj. 


O-verall,  coafigisrastion  2I>  was  svalusred  as 
Level  I  with  bo  PIO  teadeney  for  elevator  rate 
limits  of  20  degrees  per  secGsd  arid  above.  Pilots 
eomraented  feat  eoaftpfation  2D  felt  “springy”  at 
elevator  rate  Iknite  of  30  degrees  per  second  and 
above.  Consequcatiy,  lower  values  (30  to  4D  degrees 
per  second)  tended  to  “smoofe”  fee  responss 
resulting  in  better  ratings.  Decreasisig  fee  elevator 
rate  limit  to  10  degrees  per  second  degraded  ratirrgs 
and  resulted  in  one  PIO.  The  differettee  between  the 
two  tasks  did  not  appsar  to  affect  pitot  ratings. 

Overall,  configuration  2P  was  evaluated  as 
Level  2  for  elevator  rate  limits  of  20  degrees  per 
second  end  above.  Generally,  pitot  ratings  were 
higlier  for  the  sum-of-sines  than  the  discrete  task. 
Configuration  2P  had  added  phase  lag  which  was 
a  fimetiOK  of  fiequericy.  The  suiri-of*siftss  task 
was  frequency  based;  therefore,  it  exposed  phase 
lag  more  than  the  disaete  'ask.  'fhe  2P  sum-of-sines 
PIO  ratings  ranged  from  “a  tendency  of  untlesfrabk 
motions  affecting  task  perfonnanee"  to  “sustained 
oscillations  with  possible  divergence.”  However, 
none  of  the  rate  limits  tested  caused  the  aircrafr  to 
be  uncontroiisble. 

Confipu-ation  2DU  CH  ratings  ranged  fioia 
Level  1  to  uncontroliabie  depending  on  task  and 
rate  limit.  Handling  qualities  cliffs  were  discovered 
as  pilots  gave  favatabie  cojiunents  duiiag  a 
good  portion  of  a  task  and  were  than  surprised  as 
cona'ol  rapidly  degraded  and  the  NT-33  A  automatic 
safety  tsip  engaged.  During  one  svaluation,  the 
safety  trip  engaged  at  an  elevator  rate  limit  of 
60  degrees  p®r  second  during  the  discrete  task.  The 
same  test  condition  was  evaluated  Level  1  during  a 
different  evaluation.  Wife  the  starsdard  NT-33A 
elevator  rats  lists  it,  configurafioss  2DU  was  borderliirs 
Level  i .  The  discrete  task  exposed  htsndimg  quaikiss 
deficiencies  at  higher  elevator  rate  limit  values  than 
the  sum-oTsines  task.  Only  at  an  elevator  rate  limit 
of  20  degrees  pgr  second  did  fee  NT-33.A  safety 
trip  engage  for  fee  sum-of-stoes  task  cosnptsred  to 
60  degress  per  secand  for  fee  dkcrets  task. 


Tin  test  team  flew  i.O  hours  in  LAMARS 
on  25  April  I9f7,  to  complete  as  laany  of  fee 
test  points  in  Ap^ridix  A  ss  possible.  In  gesieral, 
fee  saKie  procedures  used  when  flying  the  NT-33A 
aircraft  were  sised  to  LAMARS.  Oac  exception  was 
that  no  safety  pitot  wss  required  to  LAMARS.  Each 
pilot  flew  test  condhioss  Its  fee  order  as  to  fee 
N1T-33A.  The  pitots,  however,  were  not  aware  they 
were  flyiag  the  test  coriditioas  is  the  s^e  order, 
nor  were  feey  briefed  on  fee  results  from  fright  test. 
Hence,  fee  pilots  were  still  “bitod”  to  fee  test 
conditions  being  flown. 

Tweaty-seveii  of  the  36  test  condition.^  flown 
on  fee  NT-33A  aircraft  were  flown  by  at  least 
2  pilots  on  LAMARS.  Expsrinsent  number,  aircraft 
configuration,  task,  rate  limit,  CH  rattogs,  and  PIO 
ratings  arc  listed  in  Table  S.  Table  5  (LAfviARS  pilot 
ratings)  is  structured  in  fee  same  mannsr  as  Tabis  4 
(NT-33A  pilot  ratings). 

There  were  two  issies  coiicemtog  LAMARS 
that  were  not  resolved: 

1.  .Apparent  stick  force  per  g  to  LAM/iRS 
versus  fean  the  NT-33  A  aircraft,  amd 

2.  Tracktog  task  commanded  bank  angle  in  the 
L.4MARS  versus  the  NT-.33 A  aircraft. 

The  foiiowing  results  assume  sknulation  on 
LAMARS  was  representative  of  the  NT-33A.  Issues 
coticerutog  the  feel  system  mS  task  m  LAMARS 
should  N;  exaoslscd  go  ensure  they  nastrii  witat 
wss  f!ow«  OH  the  sirersfr.  (E)’ 

Figures  5  arid  6  show  pitot  ratings  for  both 
she  discrete  and  sum-of-smes  tasks  from  the 
LAMAI^.  The  format  of  Figures  5  and  6  is  identical 
to  Figures  3  and  4  (NT-33A  flight  test  resuits).  The 
following  overall  treads  and  evaluations  are  broken 
down  by  airsrsft  coafigsiratson. 


'tIk  R  wiihm  patentees  corresponds  to  the  bolcted 
rwxjFTttiKndatMK!  in  the  Conciusioru  and  Scsomr!i4!tdattor.s 
sscsion  of  titis  report. 


Tabk  S 

PiLQT  RATINGS  FOR  LAK.GE.4MPLrraDE  MULTMODE 
AEROSPACE  RESEARCH  SCvdllLATOR  PROGRAM  (25  APRIL  1997)* 
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Notes:  1.  Exp  -  Calspan  dessgaated  esperimens  aumbes-s  vt-hieh  appsar  t® 


all  HUD  video  tapes 

2.  SI.  -  elevator  t*te  limii  in  degrees  per  sscosid 

3.  PIOR  -  pilot-isduced  osciHaiioa  rating 

4.  A/C '  alreraft  cesfigaration 

5.  SOS  -  SKSK-of-siass 

6.  CITS  -  Cooper-Harper  rating 

7.  -  pilot  did  not  fly  the  test  condition 


Mnlsiplfi  ra^ap  by  sam®  s>s3el  sc^m4  by  CSKies  of  aslot  rsSags  ss  Pilot  I  I  P!io!i  2  8  Klsa  J. 
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Ovcsrail,  coal1|ssirasios  2D  was  lavsl  1  is 
LAMARS  witli  no  PiO  tsndssoy  for  efevater  rat® 
Imsits  ef  40  degress  per  second  aad  above.  “Dis 
PIOs  were  sees  for  elevator  rate  iiaats  of 
20  degr«  jjsr  second  aad  Wow.  Ratlags  for 
the  diicsnete  ask  were  worse  tlm  those  for  the 
sira'rofosioes  tssL 

CoiifigoratiaK  2P  was  Level  2,  Task  did  act 
apjsear  to  affect  pilot  ratings. 

Ccsafigwration  2Dtf  had  Efi  apparent  handling 
qualitses  CM'  between  elevator  rate  liimts  of  30  aad 
40  depsss  per  seeoad.  Ra'dags  were  highly 
seattesed-  Eatings  for  tlis  discrete  task  were  worse 
titan  tiiose  for  dre  sum-of-sines  task. 

COMPARISON  OF  LAN2AES  TO 
NT*33A  mGHT  TEST  RESULT'S 

Figutes  7  aad  8  show  pilot  ratiags  fmm 
LAMARS  and  the  NT-33Ai  airo'aft.  Overall, 
coftfigamtions  2D  aad  2P  had  good  correlation 
between  in-fli|!it  and  ground-based  simuiatifin 
Ratings  seen  in  fliglit  were  feneialiy  seen  in 
LAMARS.  Configiu^dion  2DU  iiad  poor  coitaSation 
between  and  gi’ound-based  simulation.  The 

CH  ratiags  differed  by  as  much  as  6,  and  PIO 
ratings  differed  by  es  much  as  3. 

Pilots  gave  the  following  general  differences 
between  LAMAR, and  tlie  NT>-33A  aircraft.  These 
comments  were  for  all  configurations;  however. 


they  were  ffiost  pievslent  for  eemfips^oa  2DO. 
The  differeisccs  were  as  follows; 

1.  It  was  much  easier  to  track  and  obtain 
desired  pcfforjaance  in  LAMARS. 

2.  It  was  easier  to  discsni  differences 
between  test  conditions  in  the  NT-33A  aircraft. 

3.  Tliie  LAMARS  pitch  stick  forces  appeared 
to  be  heavier  that  tire  MT-33A  aircraft  for 
modsimte  to  high-g  loadings.  Uncosttroliabie  test 
conditions  seen  m-fligirt  occurred  tssler  Mgh-g 
aggressive  pulls.  A  heavy  stick  testded  to  absorb 
pilot  aggressiveness. 

4.  Tise  LAMARS  stick  grip  was  an  F-lS-tj^; 
bigger  and  more  difficult  to  grasp.  In  toe  first 
S4  evaluations,  the  stick  grip  was  sllgfetiy  l&m 
living  the  impression  of  free  play. 

3.  Since  toe  variable  stability  system  liimts 
toat  tripped  off  toe  i4T"33A  aircraft  were  not 
medded  in  LAMARS,  the  pilot  feit  he  could  fly 
bad  coHfiprssitifis  longer, 

6.  Steady-state  pitch  response  was  difficult 
to  cvalaat®  in  LAAIARS  due  to  lack  of  sustained 
g  feedback. 

7.  Lower  pilot  gains  in  LAMARS  were 
attributed  to  lack  of  total  erivlronimrital  feedback 
cues  (g,  visual,  engine  noise,  etc.)  toat  were  present 
in-flight. 
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CONCLUilOMS  MCCOMMENBA:riONS 


All  tsst  objeeslvss  were  eml  Hires  akssift 
cariiSlia.'aiions  wars  v«riJied  md  flows  oa  tt»  NT-33A 
isj-Sight  sumdator  ak'ta’sfi  and  the  pomid-based 
L«g@  Aa^litade  MBliisaods  Agrospacs  Sesearch 
Siaaulator  (LAMAJRS)  using  ftvo  l3©ad»i^  display 
traekiag  tasks  sad  seven,  elevator  iiaiits.  In  total, 
3S  test  Gonditifliis  were  flowB.  by  at  least  2  pilots 
in  the  NT-33A.  aircraft,  while  27  test  soadidosjs 
were  flown  by  at  least  2  pilots  in  LAMARS.  A 
database  of  pilot  coismsHts  and  ratings,  m  well  as 
tiros  histories,  was  generated  for  both  in-flight  and 
ground-based  simuMon. 

As  predicted,  configuration  2D  did  not  csinbit 
PIO  tendency  in  flight  until  an  elevator  rats  of 
10  degrees  per  second  was  used.  Pilots  coKyaisrited 
that  ooafigiu’arion  2D  felt  “springy”  at  elevator  rate 
limits  of  so  degrees  |3er  second  arid  above. 


Coas£C;s®ntly,  lower  values  (30  to  40  degrees  per 
second)  tended  to  “siBOOtli”  the  aircraft  response 
resultinf  is  better  ratings.  As  predicted,  eoallgmtion 
2P  WES  Level  2  in  flight  wish  no  rate  liraising  and 
degrsded  with  rate  linsitiag.  Also  as  predicted, 
coftfiguratioa  2DO  was  borderlbe  Levs!  1  in  flifltt 
with  no  rate  limiting  and  bocatne  strongly  divergent 
when  rate  limiting  was  rmrhed. 

As  of  the  pablishisg  of  this  report  two  issues 
mmaiacd  outstanding  regwding  differences  between 
LAMARS  and  the  NT-33A  test  setups. 

Issuss  maesmisig  the  feel  syaism  OMd 
task  m  SAMAMS  sfmuM  be  exmimei 
t»  smuihi  thsy  nmtsh  tvats  fhwa 
oa  the  NT-3BA  aket-a^  (Psige  9) 
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4.  Tht  Sest 


ajff^safc  sijcrail  asseeis,  a  mif®  of  ssSs  imis,  md 
two  dilfei’em  tesks.  lacfe  M  coafiiioa  evisluaied 
consisted  of  &  paftictilit'  mmft  modal,  mA,  atsd  tMa 
SktBL  Figure  A1  graphicaMy  depicts  the  de&iitioB  of 
each  test  condidoct. 

An  example  of  at  iadividual  test  condition 
woaid  be  "2D,  20  de®£®es  pra-  sccoad.  stssMf-ssaes." 
TM$  daSaas  ibs  m-mdi  iongiu^irai  dptsimics, 
the  rate  iisait,  mid  fee  ismldng  tek  to  be  e'vaiuated 
by  tile  pitot  for  a  patticulai  test  condition.  This 
te^  cenditian  was  feea  evaluated  by  one  or  mom 
pilots  with  fee  data  in  Appendix  D  coEected.  For 
tfie  NT-33A  in-flight  snadetor  testing,  a  coaiptoffi 
list  of  the  test  conditions  evgiuatcd  is  provided  in 
Appendix  C. 

Tlie  rest  of  flie  test  item  description  provides  a 
mgie  detailed  desenpdon  of; 

1.  Ti^  sitcraft  models, 

2.  Rate  Emits, 


AIBCIAFT  MODEST 

The  ai{cs%;fi  moddl  was  divided  into 
sepisrate  totigirndinai  and  latstni-diraidosal  control 
mcfdsis.  The  Sotsfitudsaai  coatifoi  model  foi-  each  of 
the  three  coafiguratsoss  is  described  below.  The 
iateisi'difsctia^  control  mods!  was  idsatical  for 
each  of  fee  ttoe  coaSgoraiions,  2D,  2P,  and  2DU 
and  is  described  si^r  the  three  different  bngittnlinai 
models  ass  pressfited. 


Geaesnl  stnretiEe  of  fee  dnee  lon^mdim&l 
coB&oI  modds  is  shown  is  Kgute  A2. 

The  di&rences  in  nifmdt  losgimdinni  models 
were  in  fee  sinaiisted  air&ame  plus  filters  and  Eis 
fcedbacL  The  foUowiag  sobsectioos  descriire  each  of 
the  bioeks  ia  Figare  A2. 


stick 

stick 

fees 

position 

i  simulated 

feel  system 

pitch 


simuiaii&d  i 

msILesii  I 


di'£raaie 


Figure  A2  Block  Diagifam  of  Longitudiaal  System 


For  each  of  the  tliree  csrsfigtJi'atioas,  2D,  2F,  and 
2DU,  the  sjfflukSssd  feel  syrism  ^<8$  identical  The 
loiigitudinsd  simulated  system  dyri«mics  hisd  a 
dasipicg  ratio  of  0.6S  ssii  a  natiirai  fesqueacy  of 
23  t’adians  per  second.  Spring  gradiest  was 
25  ponnds/g  firasn  1,0  to  i.S  g  and  7  iMuads/g  abo^'e 
1.8  g.  The  elevator  gearing  (control  ssnsitivity)  was 
nonlinsas'  as  shows  ia  Figure  43, 

The  lateral  simulated  feel  system  dynamics  were 
designed  for  good  coatrol  htBmoay  vnth  a  damping 
j^tio  of  0.6  and  a  aatmi  Sre^i^ncy  of  22  radisas  per 
second.  Spring  gradient  was  6.3  pouads/i»eh.  Al! 
evaluations  were  flown  feet  on  i!he  floor  (i.e.,  no 
rudder  inputs). 


qualities  Level  1)  airplane.  Conigtimtica  2P  was 
developed  for  diis  prograsn  by  sauitipiytag  2D  by  a 
feat-order  lag  of  4/(s-M).  CoaSgta'stiow  2DU  was 
designed  for  this  pi:t>gram  as  well;  it  was  intended  to 
be  similar  to  2D  when  aup^ntadon  was  active  (as 
listed  in  Table  Al).  Wifliout  augtnentatioR,  such  as 
when  the  rate  limit  was  rsaehed,  2DU  had  a 
divergent  short-period  mode  with  a  time  to  dtsisbk  of 
approximately  3.3  seconds. 

ia  the  Neal-Sasith  experiment  (Seference  7), 
force  command  sensing  was  used.  Tiiat  is,  mreraft 
comroaflds  were  based  on  pilot-applied  forces  mid 
the  cockpit  stick’s  fesf  system  wss  in  psasilel  For 
dtis  experiment  it  '•mis  decided  that  position  $ensing 
would  be  used.  Tliis  is  more  consistent  with  the 
majority  of  cuneat  operational  airemil 


4.r^  +  2(0.y4K4.§5).^4  4M6^  ] 

2iXs  +  120)s-^-^^  _ 

4)1?  +2(0.74X4.S6>  ■«■  4.g6^] 

4?  +2(0.S4)(S.n)s  +  5.17^] 


Table  A2 

LATERAL-DIRECTIONAL  SYSTEM 

I  tSi  m  2.9  rad/see 

r  Q  a  0.73 

|^/P|a0.5 

I  T,s  0.17  set; 

fa-Tir"'  '  '  "ill - Tr'w^  °g~rTr~^'~nr"irm>ir 'ill  iiiniani  II  i  n  li 

Notes;  l.osj  -  dutch  reli  frequency 

2. Q  •  dutch  roll  damping  .ratio 

3.  ^0  -  phi  ta  beta  tatio 

4.  t,  -  roll  mods  timo  constant 


R^:f E  LIMITS 


The  elevator  rate  limits  w«i^  initially 
determined  using  the  groujK!-ba.ted  simulation  on  the 
USAP  Test  Pilot  Ssiiosi  (TFS)  siaiuistor.  Ute  range 
of  limits  ware  then  veii&d  midalSy  m  sheck^eut 
flights  by  Caispan  sad  again  on  the  initial  flight  test 
at  Edwards  AFB,  A  friii  descriptiott  of  flw 


tsslts  and  displays  were  ntUiaeti  ia  die  NT-33A 
iH-Si^  siirmiate  sad  fe  gr^<H®§d  Lasg® 
Ampiitode  Multimode  Am^mi  ^^rdt  Simulator 
(LAMARS).  This  isetioB  describe  the  sh^se  of  bosh 
te  said  die  t’acking  retiicle  fltat  ai^mted  os  tti® 
HUD  &r  ^eh  of  the  two  tasks. 


is  provided  sn  the  main  portson  of  the 
Test  ^tscedares  gad  teuiis  sectioa. 

m®  TASKS 


sn  Si  the 


dsffmat  mse  lisatte. 
psSiSt  was  directed 


uasnm  dytiSiHies  W3®. 
ash  of  the  two  tasks  the 
!®p  die  “wget”  is  die 
reticle.  The  same  WJP 


Dudng  each  test  point  frte  pilot  was  directed  to 
keep  the  target  within  she  desired  critetit  whenever 

(< 

U's 


compM®  eessnptsoa  of  aesirsd  ffisd  sdsqrate 
psrfoOTsssse  Is  pravsdsd  in  Appessdk  D.  The  shspe 
©f  the  target  a®d  the  shape  of  the  desired  sad 
sdsasssts  criteds  sirs  prsvMsd  in.  Figure  A4.  Et  should 


ADEQUATE  Crita^ia 
<20'Mi!5iHie&T  Diasneter) 


Conuitaad  Bat',  TARGET 


Outer  Symbol,  DESIRED  Criteria 
{ 1 0-Miiliraeta"  Diasseter) 


Figure  A4  HUD  Traektog  Task  SymiKtlogy 


be  acted  diat  die  pibt  had  to  sKimate  the  si^  of  the 
adequate  criteria  due  to  limitoriorm  in  the  ability  to 
i«5ssgimj  te  HUD  dfepi^. 


The  first  HUD  ttmikiag  tatk  was  an  “off*the* 
sfielf  task  used  by  Calspaa.  Die  task  had  been 
previously  used  in  die  Navy  TPS  cmrieiiluai  for  a 
handling  qualities  desnoastration  of  a  vaifable 
stability  aircraft.  The  direeted  the  target  dirou|U 
discrete  steps  and  smaps  synchronised  in  pitch  and 
roll.  The  a<^es  for  both  pitch  and  roll  commands  of 
Ae  target  are  listed  in  Table  A3.  Figure  AS  shows 
these  commands  plotted  versus  time. 

The  command  bar  on  As  HUD  was  Aen  di-iven 
in  pitch  by  Equation  1.  Pitch  error  was  limited  to  ±3 
degrees.  This  limit  prevented  the  sommand  bar  from 
flying  ouaide  die  HUD  field  of  view. 


pitch  error 


Snt.ssa  ^M<a)  (1) 


pitshjg,4  “  piteh  eommsad  Ik  Figure  AJ  (deg) 


NT  »  33  A  pitch  mgk 
css  (NT  -  33 A  bank  angle) 


Stiai  *  trim  NT'-SSA  pifsh  angle  (deg) 

ITje  eosmiaad  bar  on  Ae  HUD  was  driven  m 
rail  by  Equation  2.  RcU  error  ws^  Imiited  to  ±70 


toil  mot  -  O.Sg(^OT.33A-t6!So„<i  +  ^iJ  (2) 


^'M3A  “  NT--33A 


rollHoi  “  roll  conangnd  m  FigTO  AS  (deg) 


trim  NT=33A  rrol!  aagie 


The  sum-of-sines  t®k  was  developed  fey  Hoh 
Aeronautics,  Inc.,  usmg  Equarien  3.  This  task  has 
been  used  m  sevemi  fixed'  and  asovmg-bsse 
siaiulatioss,  Pilot-vshkle  dysaraie  mfosmatfon  can 
be  ssrastsd  from  Ae  dais  g®n@r®ttd  by  Ais  task. 

Table  A4  lists  values  for  Ae  pMmetm  m 
Equatjos  3.  Tb®  sum-of-skigs  was  &  pitch-only 
task  and  is  shown  m  Figure  A6,  A  5-$esond 
was  used  mAare  Ae  sigasl  west  from  sst&  to 
frsil  segiffi.  A  i.2S-sesQnd  rsra|s-cat  whsre  A®  signal 
west  from  full  scale  to  sere  was  used  st  tiinc  eousls 
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Figure  AS  SynchfQsaisKi  M; 


TEST  ASSETS 


cositiBuouii  but  limi&tious  of  tFie 

NT'33A  cojaput®r  rsquimi  that  commaad 
to  the  HUD  lae  updated  only  fsuir  toss 
every  ssscotid  Liagar  iaterpektion  betwesa 
cosairntd  poiats  wis  used  to  smtssth  the 


9 


N 

ffl, (rad/sec) 
63 


(3) 


Table  A4 

SUM-OF-SiHES  FAMMEl'ERS 


2.  H- Natural  Fi'eqaeacy  Gala 

3.  <Bj .  Natursl  Fi^quessy 


The  USAF  TPS  simulator  was  a  PC-tesd 
sfeaalator,  maau&eturgd  by  High  Plsias 
EngiKeeriag,  Mojave,  Cali&mk.  It  was  feed-base 
and  portable;  designed  for  use  m  the  classroom. 
This  simulstor  was  unique  in  that  it  was  designed 
^>ecifical!y  for  higii-fidelity,  handiiag  quality 
simuktions,  which  demand  minimum  added  time 
delay,  'fhe  total  time  delay  was  the  sutn  of 
coffiputffidona!  delay  and  video  sy^n  delay.  For 
FID  simuladoas,  the  eomputedosiai  late  was 
200  Hz,  wrih  video  refesh  at  72  Hz,  for  a 
worst-case  time  delay  of  18.9  mslliseceads. 

The  csclcpit  ergofloraics  were  representative 
of  a  modmi  flghter.  A  meehanical  control  stiek 
was  used  which  apptwimased  the  pitch  axis  feel 
system  dynamics  of  the  Neal-Smiih  fligiit  tests 
(ketercnce  7).  SimuMoas  were  done  using  stick 
deflecdos  to  drive  die  aaodpamic  models. 

The  actuator  dyaamics  and  rate  liaiiimg 
'wus  selssteble  fern  the  gr^hisal  ussr  isterfbce. 
The  aettiator  model  used  had  ftat  order  dynaiaies 
with  ses-vo-vaive  ms  limithtg.  Thk  molted  ia 
Increased  phsse  teg  of  the  actuator  when  rate 
limiting  wm  encountered. 


Figure  .46  Sw-irf-Sktes  Task 


I 


Use  m-fiig&t  test  piatfoms  was  the  USAF 
FKght  Dynacaies  Laboratory  NT»33A  ainsraft, 
S.'!^  $!4120,  The  NT-33A  alKsali  modified  a»d 
op«s®t@d  by  Cakpri  laidgr  USAF  eoamei  as  as 
sianuiaters  was  aa  ojateasivily  wodffisd 
Lockheed  T“33  jet  toiasr  (Kefersaee  B).  llis 
origifi&l  T'33  aose  seetioa  was  i-ej-jlaeed  by  a» 
F-94  nose,  pravidiag  apace  for  the  leeording 
equipment  md  the  ei^trouic  oomponeuts  of  the 
varidsfe  stebilhy  ffight  eeatro!  system.  The  froat 
seat  eostrsis  w«  replactd  by  s  ftilLauthonty, 
fty-by-wiiis  flight  coatrol  system  aad  a  vaiabic 
artsSeM  feol  system.  The  evaluation  was 
coadaeted  j&om  the  cockpit  ihreugh  a  eeater 
.^k  aud  rach^'  pedal  arraagement  The  imc  cockpit 
cmtiked  the  ongisal  modumical  Oii^t  control 
system  of  the  T-33  jet  iim^.  ‘fire  joar  coekpit 
safety  pliot  served  as  the  ^/stem  opamtor  by  setdng 
lip  dhe  rsssfirch  etpsrimeBte,  alrcr^  can^gia’atisns, 
smd  HOD  foraigts.  ITie  NT=33A  profnsssEtdste 
amnlog  and  fOj^t  conbol  system  ^owed  dis 
airplane  to  asstuBO  any  of  ifee  psteh  filgikt  con&ol 
coaligui'aiiosis  (Figures  A7  tteougfe  AlO).  A  fully 
pro^nmrtteble  HUD  coxupiemmted  die  vanabie 
stability  features  of  the  'NT-33A  for  eoskpit 
display,  rosoatth  and  evaluation,  and  allowed 
I'iUD  backing  tasks  to  be  displayed. 


The  MT“33A  had  a  variable  stabliity  systeua 
(VSS)  disengagemsiit  meclsankim  whkh  allowed 
die  piitst  to  aiSBtisliy  disengage  the  VSS  by 
haads-osi  thrattie  and;  stick,  as  required  for  test  or 
safety,  Ibe  VSS  tsi'teffiadcdiy  disengaged  wh®  the 
pametess  taegsdsd  th@  eiitefia  listed  in  Tabic  AS. 
Whcfl  diseagaged,  Ihe  NT-33A  mrailT  rsveitsd  to 
nonnal  T->33  fli^t  dynamics  and  die  safety  pilot 
took  coBtrol  of  die  aittsraS.  Ail  tiriie>iiisi»ry  data 
wers  recorded  using  the  onboard  Ampex  AR700 
flight  dam  recorder,  la-fiight  data  pajwaete, 
collection  mte,  aud  valid  I'sngss  are  defined  in 
Appendix  D,  Die  HUD  video/sudio  recorder 
system  and  a  separate  audio  recording  systeiti  were 
used  to  jeeond  pilot  cossmeats. 

Sorties  S  and  9  vn&m  floivn  with  arr  a@ml 
reiueling  probe  installed  wftich  was  assumed  to 
not  ^ec4  fee  flight  chatkCtei'Mcs  of  fee  t&st 
coiidhions. 


Tlis  LAMARS  wss  a  rnatioft-based,  20-foot 
dome  wife  two  side  projesters,  each  with  a 
40.S"  by  3(Lde^ee  field  of  view  (FOV),  and  a 
seate  projector  wife  a  45-  by  30-degre*  FOV.  The 
total  FGY  was  I3S  degrees  without  gi^s. 
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;^i8'degttmH*tetwcieaai^a«dmdo0Mmimd3t3OfvoiS]pMor  | 

4s@rvoCs!lkiratt) 

^44@g@i3or0st(v^gcSiia.is£ideotsja^<»tssrvogi^Meis'  | 

Matss;  i.  scodii^’^oa  4.  Sa-’^^’oadello^oa 

2.  Myo ie£@£a! ssssisrsdoit  S. 

3.  8j  •  dsvgw  deSecdos 
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Xte  mmwmg  assel  vals^aiioa  r«wts  asi® 
ptm4^  m  ius  appsadls?, 

L  @f  tkPj&^osaaa  pitsSi  r@sp&s» 

fom  tfe»  NT-33A  ii^t  test  aad  MA'IXAB®  4.2c 
as©  orovidad  fe  she  2I>. 


im  ti’cqucisc^  •mm  gessi^m^  wsm  oam 

from  4C>'Scr.sM  iksiM  SoegItudhs&I  'Ssk 
H'Ki  flight  teK  g^ueiicy  re^'oase  is  cott^wed  to  a 
Low  Otife  EqalvaJeat  Sygfega  {LOBS)  sstlM^oa 
for  2iad  asd®’  lesiJOjase  (FJgis©.«  Bl  tteouih  E4).  Ifc 
LOES  cstimafioa  vm  g@tsmi@d  wi&  a  loodiS^ 


1 ,  Akes'sf*  dysimief  fss:  Sib  2P  configatssiE®  enc  ^Sired  in  A^fsn^st  A. 

2.  Ughs  ieei  ftsjjMtsiscy  jsepoaa®  ws*  ga&jritsed  tea  e  4i>-i«cwnd  Hsasiua!  tss-ymts'/  2/i>mp. 

J.  llse  LOSS  assisaaSaa  wss  geaemiad  witis  a  laadi&stl  MiL-5r!D-i797A  (Rsfesms  6)  wai^sssjg  fuassien. 


Figs^e  E'3  Compaiison  of  Pff-SSA  FSigfeS  Test  Pitch  B^equensy  Rssposse  to  Lower  Of^sr 
Bt^uivslsat  Sys^ais  (LOBS)  EsthBatloa  for  the  2P  Aircgill  Model 


HT-33A  FLiGm-  TEST  RESULTS 


GENEM. 

lliis  appendix  coatains  fee  NT-33A  flight  test 
mails  irielisdmg  kdividusl  CoopS'=Kaf|»-  (CM)  gad 
PIO  mtiap,  aad  pilot  coaiasgats.  lli®  yssute  of  each 
test  GOHditioB  fEowi  m  displayed  oh  two  pages.  The 
data  ire  prssinted  ia  the  order  deSasd  k  Table  Cl . 

Ihe  foiiowkg  iisforrflatiosi  is  displayed  for  each 
test  coaditiOH  (Tabks  C2  through  C73  smd  Figas'es 
Cl  thrsagh  G3S): 

1 .  A  mnmmy  of  the  ovemll  evaiuatioa  of  lire 
corsfsguratioa.  This  susaitasy  eoroes  fiom 
postprocess  accuHiuiation  of  pilot  eornmetits  and 
ratings.  The  Coopr-Haiper  ratings  (CHRs)  are 
separatsd  by  a  when  file  evaluaiion  pilot  has 
changed  and  by  &  ‘T’  when  additional  ratings  ate 
made  by  the  same  pilot.  For  cxampic,  4|5/4|d® 
means  drat  pilot  1  gave  it  a  CfIR  of  4,  while  pilot  2 
rated  it  a  CHR  5  his  first  attempt  and  a  CHR  4  for  his 
second  attempt.  Pilot  3  gave  the  test  point  a  Clf®. 


of  6.  Hsis  game  logic  was  used  for  tbs  PIO  rating  as 
well.  FIffisliy,  fise  ast^fsk  mseas  that  a  plot  of  this 
^ocifie  ttst  point  is  shown  below, 

2.  Omphical  mulls  fiom  a  singk  evaiuifion 
of  a  test  point.  The  time  history  of  the  pilot 
longitudinal  i^kbag  gnd  a  liistogmm  of  i^te  limit  is 
provided.  It  v/as  aaticid  jnst  prior  to  the  releime 
of  &is  repoit  that  there  was  s  tfeae  discrepsis^^. 
Heacc  the  time  histories  are  off  by  approxitaaely 
10  pesceat.  The  Flight  Dyufisuics  Direetorsts  (Flying 
i^s^ties  Seetion)  is  die  point  of  coatset  for  all 
eosTeedoas  to  rime-histosy  data. 

3.  A  catolog  of  ail  pilot  comments  ffom  the 
ia-flight  data.  Every  pilot  comraeat  has  been 
tmskted  into  liiese  tables.  All  pilot  comments  ms 
orgaaked  psr  pilot  and  flight  evalustitm,  Oacc 
again,  tlie  asterisk  denotes  tost  a  plot  of  timt  test 
point  appears  oh  the  previous  page. 


3  j  2D.  38 


4  f  2 


2Dt  30  degfees  per  second, 
SOS 


2D,  137  de^i&8s  pet  seearad, 
SOS 


2?,  iCS  dogress  poc  seoosid, 
DIS 


DIS 


2P,  30  degrees  im  sseoad, 
DIS 


2F,  40  depees  per  second, 
DIS 


2F,  50  depees  per  seeoad, 
DIS 


26  2DU,  30  degrees  pst'  seeoad, 
DIS 


27  2DU,  40  aegrees  per  second, 
BIS 


2D'J,  SO  depess  per  sesoad, 
DIS 


2DU,  60  degrees  fyer  seeoad, 

DIS 


30  2DU,  157  degi'ees  per  second, 
DIS 


31  2DU,  20  dggaees  per  seeand, 

_  SOS  _ _ 

32  2DU,  30  degrees  per  secoe^ 

SOS 


33  2DU,  40  degrees  per  second, 
SOS 


2DU,  137  depees  per  $ecsrsd, 
SOS 


Notes:  L  TIis 
2. 


IS  is  Pilot  1  g  Pilot  2  I  Pilot  3.  3.  An  iadisates  test  poist  plotted  ia  gigiits  CL 

ItipSe  ratiags  by  the  saj?«e  pilot. 


TBTAB 


mt  i^equisitioa  task  ua$:^'.  Au  tbres  evitluabem  pibts  ^!@ 
b  i^g-ye  p^fomiratse  mbrk.  'ilh$  go^  wi^ 

]@gdlism  sddc  foix^.  l%e  pilot  ct^pots^oa  and  workload  woro  ro£^  mmima!  by  two 
of  tits  pilots,  hx  all  ^tsa  igvidusdoris,  iro  PIC^  ocouitsd.  Sosme  piiol 
iBsl'^Ie:  “very  iises  %i8g  aapisae,"  “teacks  weil  dasiag  swes^**  “ps^olse  ttmekes's'’ 
“little  sSfflggiilt  dadag  aegMve*g  ae<|«issti<K4%"  aad  “small  ovaisheate  (fco&blgs)  of 
diirfeg  step®  taidef  g.*  ‘Jim  wss  eossldsreti  a  I*®¥el  1  sfcsfsS  whk  m 

WoJ8§:  L  T&gcrferofisfe^  krilet  r|”t%tt2f"~Klot3. 

2.  An  iadis^  « 'p&M  plotted  ia  Figisfs  C2. 


Date  Fiewn:  11-Apr.S37 

Roto  LIr<i!t  20 

Pilot;  PiUat  t 

Pi’SMUfO  Aitituda:  10,000  ft  PA 

Gefi%MraSiori:  2D 

indicted  V«!o<dty:  2jf0  KIAS 

Lsngltadlri^i  TssfistTmckitii^  Peffomatio^ 


Ttn»  (««««; 


-ToisjsSTtaEit 
..P2eiJ  Vfssfe 


iilevabr  LiosilSiii^;  Oi@,  26  d@g/goo 


Ig-U 


22^.9  3&^  Hb-Ai 


FigK^r®  C2  Edpffsss.Miw  Fliglht  Test  SjSsaH  2D,  KaSis  Lissit  ©f  2' 


Flgjiire  C3  Flight  Test  Riml^  2D, 


30 


Coaper-Hgrpg?  teaigg:  3 


n 


pilots  vifsre  able  to  acaieve  the  desa'ed  perionuaiice  enturia  aiimi  ftie  a’adksai-  The 
costtei  hsKnony  was  good  with  medium  stick  forces,  llie  pitot  cesaj3®m«tioa  was 
mmtRial  to  modenite,  sad  the  workload  was  mmimai  is  totontbto.  la  six  evaStts^oas, 
no  FIOs  occurred.  Some  pilot  comments  inciudo;  “Solid,  comfoitabie  feel,”  “it  dtmB’t 
surprise  pilot,”  “excellent  iaitial  capture,”  “control  hannoay  iaereased  mn@  workit^ 
roiling  out  of  elevated-g  task,”  “springy  arid  abrupt  ...  roquaiag  ®teaalv8 
compeiisatiea  with  poss  acquisition."  This  sirsraft  was  a  border  Ime  Letrsl  1^-ve!  2 
^  siiliime  widi  no  tendency  to  develop  HO.  _  _  _  _ 

1.  Tiie  order  of  ratings  is  Pliot  1  §  Pilot  2  |  Pilot  3,  3.  An  ind'ieatss  test  point  pbsed  k  Flgise  C4. 

2.  A  separates  multipis  ratings  by  the  same  pilot. 


Date  Flow):  14-Apt‘-S7 
Pitot:  Pilot  2 
Corifiouration:  20 


Rate  Limit:  40  ds§/d®c 
Pressur©  Aliituds:  10,000  ft  PA 
Indioatgd  Velosittf:  .160  KIAS 


0  w 

to 

SO  <!0  90  «0  rs  00 

§8  tes 

no 

120 

Tim®  (8se»)  I  ^ 

— TafgaTtaek 

j  ... 

» •  .PUsjTrssX 

180  . 

iigvater  Rate  UmMng;  to,  B!3, 48  dfeglsse 

& 


rmtC9 

RATE  LMT  OF  40  DEGREES  PEE  SECOND.  DiSCEETB  TASK 


1  Pilot "  §®rtie(s) 

Pilot  i  - 1 

Piiot2-2VS,^  i  Pilot  3 -sS  | 

1  Coop«r-Hasj}@r  Raliags 

3  (due  to  hmaony  issue) 

5/2/4  1  1/2  1 

I  HO  Batiags 

2 

3/1/2  1  m  1 

ii  Amcs/iEnr  I 

initial  Re^u^ 

Responsive 

Respo«siva^«spen§ive/ 

¥mt 

Respotissve^esponsive 

Steady-State  Response 

Responsive 

Responsive/Responsive/ 

Responsive 

teponsive/Rosponsive 

Prfdssabk 

Yes 

Y@S/Y@S^8S 

Yis/Yis 

Gnm  Acquisitiea 

Easy 

Essy/E^y/Basy  for  small 
acquisition,  dififieult  with  large 
acquisition 

Fiae  fnskini 

Desired 

Adcquate.^sired/Dcsirgd 

D6sirec!/Desis"?d 

PILOT  INTESFACE 


Coiitro!  H^tnony 


Good  at  skvatod^; 
Sy®£!  kat  at  low°g 
Mediaai 
Minimii 


Was  diefiS  3  PIO? 
Easily  Induced? 


Good/Good/Good 

M^iuRiyM^SnMgdiimn 
Moderate/Miaiasai/ 
Miairnal  to  moderate 
Toierabk/Ttiiaimai/ 
Minknal  to  tdemblc 
No/Ns/No 
No/Mo/No 


COMMENTS 


Good  Chanicteristicg  Solid,  conifortebie  feel, 
eitcelknt  mitiai  capture 


Contt'ol  hamony  problem 
increased  workload 
rolling  out  of  skvated-g 


Gross  acquisition  goot^  mild 
oscillations  when  stabilising  to 
fine  tracking,  compromises 
performaKee/Nice  airplane, 
tracks  well  under  §,  no 
osciiiations  about  target, 
prcdictabie,  minimal 
compcnsatioiv'No  oscillations 
about  target  during  ttaeking 


Vety  good  configuration, 
it  doesn’t  smprise  the 
piiot.  Traeking  eould  be 
done  confidsatly/ 
Trackini  is  good 


Notes:  I .  A  separates  muItipSe  rstings  by  the  same  piiot. 
2,  An  mdisates  test  point  plotted  in  Figure  C4. 


Bobbie  in  pitch,  small 
oseiilstions  about  targe  t  when 
not  under  g,  diffscuit  to 
stsbiiige  on  target/Small  pitch 
up  with  revetsal  under  g,  stick 
feels  little  heavy  with  gross 
acquisition  and  sjttcnsivc 
tracking/Wosf»up  with 
reversal,  springy  and  abrupt 
with  inpute,  little  Jiniipy 
extensive  compensation  with 


None/Two  small 
oscillations  during 
aggressive  big  pulls  and 
g’s,  no  PiO  but 
undesirable  motions 
occurred 
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D 


O 


© 


© 


o 


© 


AmmS  Cojifjgmmtjsa 


egress  aer  seeon 


PIOBMfegs:2Sip« 


Tile  isiEial  arid  steady-state  response  were  rated  as  responsive  Ib  each  evaluation.  The 
atesft  was  predictable  making  the  ^-oss  acquisition  task  easy.  The  pilots  were  able  to 
achieve  tits  desir’ed  |>@rformaace  eriteria  daring  fms  tracking.  Tne  control  hmmny  was 
good  with  medium  stick  forces  aid  one  pitot  noticed  the  forces  lightened  at  elevated  g. 
The  pilot  eompensation  v/as  minimal  to  mod®mte>  and  the  workload  was  ramimil  to 
tolerable.  In  all  thme  evaluations,  no  PIOs  occurred.  Some  pilot  eommeats  inciude: 
“good  feeling  airp lane  -  solid,”  “aggressiveness  does  not  iailuence  task  perfoirnmee,” 
**^Yo  to  three  overshoots  (during  gross  acqiiisitioa),’*  sad  “annoying  stick  force 
gradient.”  Hiis  aircraft  w'as  a  border  line  Level  l/Levei  2  airpisn®  with  no  tesdmey  to 

Notes:  I.  The  order  of  rattog-s  is  Pitot  I  ||  Pitot  2  S  Pilots, 

2.  An  indicates  test  point  plotted  in  Figure  C5. 


Data  Flown:  14-Apr-S7 

Rote  Limit; 

iOd&g/s§c 

Pilot:  Pitot  3 

Prsgsur#  Aitltud®; 

10,800  ft  PA 

Gonflguratlen:  20 

Indli^tgd  Velocity; 

2S0  KIAS 

Lsngiiusltois)  Target  Trgisktog  Piriormanos 


Time  (sees) 


-TsKgetTrKiK 
.Plksi  Trask 


MO 

ie»i4 

IS^S 

2^25 

3eo?e  3M0 

4&-50 

&&>S9 

; 

Rich 

Figurs  CS  Representative  Flight  Test  Result  2D,  Rate  Limit  of  50  Degrees  Per  Second,  Discrete  Task,  Pilot  3 


g'lLOT  COMMENl'S  FOE  2D,  RATE  UMIT  OF  SO  DEGREES  PER  SECOND,  DISCRETE  TASK 


Steady-State  Response 

Responsive 

Gross  AcquiskioR 


F 


Yes 


Easy  (one  overshoot) 


Desu'ed 


PILOT  INTEBFACE 


Good  for  greater  than  l.J 


Excellent  for  1.5  g*s 


Low  at  high 


Minimal  at  high 


Minimal 


No 

No 


COMMENTS 


Good  Characteristics  i  Good  feeling  airplane  - 
solid 


Stick  Forces 


Workload 


Was  there  a  PIO? 
Easily  Induced? 


Minimal 


Minimal  to  Tolerable 


Tolerable 


No 

No 


tracker 


Bad  Characteristics 


Control  harmony  is  a  One  to  tw’o  stop  short  of  Two  to  tlrree  overshoots 
problem,  maneuvering  target  with  gross 

around  F,  break  point  is  acquisition,  compensation 

annoying,  compensation  required  with  progression 

was  generally  in  response  in  task 


Really  nice  aiiplane,  Aggressiveness  does  not 

minimal  compensation,  no  1  influence  task 
tendency  to  oscillate,  very 
predictable,  gross 
acquisition  was  good, 
go^  tracking  under  g,  no 
pitch  oscillations,  rolls 
good  under  g,  minimal 
compensation  for  bask 
stick 


to  F,  gradient 


indicates  test  point  plotted  in  Figure  C5. 


UIvIBMEY  2D,  RATE  LliW  OF  iS7 


SECOND,  DISCRETE  TASK 


egs  pter 


Ihe  mitial  raspossa  wa§  responsive,  but  the  steady-state  respOHse  was  mt  saakkig  tse 
aircrs^  a  little  “jsffky.”  The  airciaft  was  predictable  making  the  gtms  acquisition  task 

J“  e  pilots  were  able  to  achievs  desired  j^etfottitaace  critsns.  Ite  soatrsi  bamtsay 
d  wifli  arediurn  stick  force,  like  pilot  compensation  was  taodemte  and  workload 
.  Ie  die  two  evaiualioas,  no  PIO  oseuired.  Pilot  comaient  iadudad;  “pitch  rate 
HIS  were  quick  and  sutprisiag  -  mirtor  but  annoying  deficiency.”  'fhis  aireraft 
etioo  was  rated  as  Level  2  akplaae  witfajm  tentteney  tp_PI^  ^ 

1 .  "nse  order  of  ratings  is  Pilot  1  |~Pilet  2  |  Pilot  3.  1  A  itidieates  no  rating  was  gives. 

2.  An  mdicaces  test  point  plotted  in  Fipre  C6. 


Data  Flown:  22-;^r.S? 
Pilot:  Pilots 
Configufaiieri:  2t) 


Rato  Limit: 
P!«88Uiis  Tdfitucie: 
Indicated  Veledty; 


1S7  d@a/ssc 
10,000  ft  PA 
2S0KIAS 


.  J  .  5  ..  . 


30  4Q  SO 


TIm  {S4«at 


ESi^ivator  Rutg  Umiyns;  2D,  DI3,  IS? 


64 

MO 

1M5 

U4C 

32<£d  384& 

iiG4S 

^640 

Etevstep 

20,  Rate  Lir^it  of  1 51  Degrees  Per  Second,  Dissret©  i  Filet  3 


Rite  Limst:  10  degsrees  iier  second 


EvaluatfeK  The  MM  asd  steady-state  response  was  considered  slow  to  responsive.  One  pilot  felt 

tire  slow  responsiveness  of  the  aircraft  made  it  impredictable  and  the  gs'oss  aequisitioa 
task  difficult.  Orse  piiot  Mt  the  gross  acqaisidon  of  small  iapirt  was  easy  while  the 
larger  inputs  made  the  task  difficult  The  .stick  forces  were  eorASidered  raediMia  to  high, 
lire  pilot  compensation  was  mcdemte  to  considcmbk  and  the  wotkioad  ranged  from 
tolerable  to  .slighter  Intolerable.  One  pilot  felt  a  saiali  bounded  PiO  was  easy  to  induce 
but  can  be  eikaiaated  by  reduemg  pilot  gain.  This  compeasatioa  made  the  tracking  task 
diffieuit  The  other  two  pitots  did  sot  «sieou»ter  PIO,  but  felt  small  bobble  about  die 
target  makiag  the  ti-sckiag  difficult  achieving  oniy  adequate  pesformancs.  Some  pitot 
commits  inciude;  “This  aircraft  was  rated  as  Level  2  bordering  Level  3  wids  tendeacy 
_ _  fcr  uadesitabie  motiens  compranismg  perfbn'rmce  task.” 


1 .  The  order  of  rathigs  k  Pitot  1  |  Pitot  2  |  Pilot : 

2.  Ab  indicates  test  pstot  plotted  in  Figara  C7. 


Table  CIS 

PILOT  COMMENTS  FOR  2D,  RAH  LIMIT  OF  10  DEGEEES  PER  SECOND,  SUM-OF-SMBS  TASK 


I  Pitot » Sart!e(s)  i  Pilot  1  •  9 

PM  2  "7* 

1  C0«p<8r»HaT^r  Ratiap  |  5 

5 

r  7  ^ 

MSCiMFr 


1  laitiai  Response 

Stow 

Slow 

Slow-f 

Responsive 

Slow 

Ns 

Yes 

No 

1  Gross  Acquisition 

Difficult 

Eajsy  (small) 

Difficult  (i».f5e) 

Difficult 

1  Fine  rSiekmg 

Desired 

Adequate 

N/A 

N/A 

N/A 

-  J 

Stick  Forces 

High 

Medium 

Compensatioa 

Minmai  {for  Fine  Tracking) 
Moderate  -i*  (for  Goss 

Moderate  to  considerable 

Acquisition) 

Workload 

Minimal  (for  Fine  Tmcking) 

Tolerable 

Tolerable  to  intolerable 

Toierabie  (for  Gross 
Acqui.sition) 

Was  there  a  PIO? 

No 

No 

Ves 

Easily  Induced? 

No 

No 

Yes  I 

1  COMIVIEOT-S  1 

Good  Charac^ciistks 

Nose. 

N/A 

None. 

Bad  Characteristics 

Heavy  stick,  slow  response, 
led  to  significant  overshoot. 

Difficult  to  stop  on  target. 
Small  bobble  about  target. 

Slow  initial  and 
steady-state  response, 
small  bounded  PIO 

kTTimtn’fif ff inni  iTriTr-^'''~rhrriTi'T — n-i  ir^,  j— t-i 

-^°rn-ifrraiiiiii>Mi  II 1  I'll  1  1 '  'i  '  "  I'l  n  i 

eliminated  by  lowariiig 
pilot  gains,  hard  to  track 
the  teiget. 

Notes:  1 .  Aa  indicates  test  point  plotted  in  Figure  C7. 
2.  N/A  ”  not  applicable. 


AirsraS  CoaSguratloa:  2D 


TabteCi? 

)F  20  DEGEEBS  PEE  SECOND, 


SUM-OF’SINESTA 


Pilot  2 -2 


Stick  Forces 


Was  there  a  PIO? 
E 


Goad  Characteristics 


Bad  Characteristics  j  MUdly  overeensitive  S 

I  drives  oae  to  two  d 

I  ovesshoots  !a  initial  S 

I  capture.  Maybe  slightly  ii 

I  low  stick  fori«.s. 

Notes:  t.  An  indicates  test  point  plotted  in  Figure  C8. 
2.  N/A  “  not  applicable. 


Responsive 


Yes 


_  Easy 

d  I  Desired 


E^IDOT  WTERStACE 


N/A 


Low  Mediuin 


Miamral  (adequate) 
Madmte  (desirad) 


Tolerable 


No  No 

No  No 


COMRiTENTS 


Flyabie  aircraft  and  one  to  Cross  acquisition  good, 
two  overehoots  adequate.  Tracking  stable.  I'iny 


csciliations  within  desired 
criteria. 


Small  bobble  about  tar-get, 
did  not  affect  tracking. 
Satisfestory  witfrout 
iiBprovamfBt. 


Medium 


Tolerable 


No 

No 


Overall  configuration 
gives  the  pilot  good 
confidence  and  tracking. 


Two  to  three  cversboots 
i  about  the  target  when  it 
i  jumps  quickly  (mildly 
unpleasant  dsficisKcy). 


11  .dill  ■liiifTin'r.-i^aygto- 


Ths  sMtsgl  Siid  s<eady-3Sa£e  fespoase  of  this  sk«i»S  was  sri^pensive.  Use  aircrs^t  was 


sehs8v®  d®slf@d  psffssmaKse  esiteria.  111©  saick  (mess  wen;  mgdiam.  Use  cossspgasatjea 
was  miaiiaal  for  Sac  tracking  but  modsratg  for  gross  sstjuisitisss.  The  woridmd  was 
nsiaistal  to  tolesabk.  llie  four  evaluadeas  produced  sse  PIO.  Some  pilot  eomaseate 
inciude:  “good  airplaae,”  “negative  and  positive  acquisition  wss  ge<^”  “very  good 
tsacksr  inseasitive  to  pOstt  gaitts  and  agpessivessess ,”  “over-seasitivity  is  pitch 
generates  l"to-2  overshoots  dutiag  ^oss  aequisMoa.”  Itis  aircraft  was  rated  ss  Level ! 
with  the  tendeB^  for  mail  bobblka  about  tsfgeL 

Bgs  SS  Met  i  I  Fnot  2  |  Pilot  3.  3.  An  ‘  ®  mdieates  test  pomt  pIosiM  sn  fig:ms  C9. 


2.  A  sepwates  multiple  radags  by  the  same  pilot. 


Figsjre  C9  Representative  Flight  Test  P.esnlt  20,  Rate  Litsit  of  3b  Degrees  Per  Second,  S®in«of-St!5es  Task,  Pilot  2 
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MMSsnmi 

Responsive  I 

1  Stsady-S^e  Respsttse 

Re.^psnsive 

Ros|Wnsivc/RespoEsive 

Responsive  | 

1  ft'tsdictebfe 

Yes 

Yes/Yes 

Yes  1 

1  Gross  Aapjji^OK 

Slightly  Difficult 

Easy  1 

1  Fiae  Trackiag 

De.sired 

Adequate  ^  Dssin^d/ 
Desu’^d 

Desired  | 

i  PILOT  LWilRFACE  | 

N/A 

N/A 

N/A  1 

1  Stick  Forces 

Medium 

Medium/Mediua) 

Medium  j 

1  Compensation 

Miniiaa!  (Fine  Tracking) 
Moderate  (Gross 
Acquisition) 

Mmimal  Moderate/ 
Minima! 

Minima! 

1  Workload 

Mmirnal  +  (Fine  Tracking) 

Tolerable/Minima! 

Tolerable  (Low  side) 

1  Was  tliere  a  PIO? 

1  Easily  Induced? 

No 

No 

Na'No 

No/No 

No 

No  i 

1  Goad  Chaiademtics 

Good  Airplane 

More  predictable  than  last 
test.  Desired  peifonnaiice 
with  moderate 
corapensation/Gross 
acquisition  witliin 
adequate  criteria.  Not 
springy  or  abrupt  like  last 
test  point.  Negative  and 
positive  acquisition  good 

Steady-state  asid  initial  I 

response  are  quick  and  | 

well  matched.  Good  jj 

predictability.  Very  good 
tracker  insensitive  to  pilot 
gaiite  and  aggressiveness. 

1  Bad  Characteristics 

Over-sensitivity  in  pitch 
generated  one  to  two 
overshoots  during  gross 
acquisition.  Slightly 
oversensitive. 

Small  hobbling  about 
target.  Tecluiiqueto 
eliminate  sad  compensate. 

Notes;  I .  A  sepamtes  multiple  ratings  by  the  same  pilot. 

2.  An  indicates  test  point  plotted  in  Figuie  C9. 

3.  N/'A  -  not  applicable. 
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© .  ©  m  ©  ©  •  @  _ © 


CoEtpeasfiticn 


y 

1  Good  1 

Bad  Characterisdcs 


Misimal/Modsraiicj  for  Modersie 

Grass  AoquhitiQn _ _ 


Miiiiiiiai  to  tolerabie/  Tolerabie 

Mmiraal 


No/No 

No/No 


COMMENTS 


Desired  OK  wim  some  Gross  acquisition  good, 
compensation.  Not  a  bad 
jet/Soiid  anpiaae. 


Small  osciliatioas  about 
she  terget.  Task 


N/A 


Medium  (5  -  10  Iby 
MeditinyMediarn 


Miaiinal 


No/No/No 

NoMa/Isfo 


Very  pracise  tracker. 
Insmidve  so  pilot 
aggj'sssivea'tss/Prccise 
tracker,  Predistabls  and 
msensitive  to  pilot 
gains/No  oscillations. 
Good  tracking  even  at 
high  pilot  gain.  Very  sharp 
and  quick  respoase. 


overshoots/Kone/Noae 


Table  C22 

,  RATE  LMIT  OF  S©  BBGEEES  PER  SECOND,  SI 


TASK 


C»p(3r"Hfflpgr  temgs:  4*/ 


a 


aebievs  desired  perfonnarsee.  The  stick  forces  were  raedma.  'Ihe  eempeasation  •w&i 
minimal  sad  the  workload  miniiaal  to  tolerable.  In  all  6aar  eTOlaatiesis  ao  PIO  occyrred. 
Sams  pilot  corameiit  sscltsde:  “solid  feeiiag,"  “iRseasitive  t«s  pilot  aggresilv^ess,”  “fr.e 
teackiag,”  “slightly  ovsrseesstive  b  pheh,”  and  “little  jesty  iaitkl  pitch  response."  ‘Hiis 
aircraft  wsss  rated  as  Level  i  wife  some  undesirable  pitcli  which  did  mt  sifset  task 


p«rfon«®!iee. 

tes:  1 .  Ihs  eitler  of  rstlsgis  is  Pilot  1  |  Pilot  2  |?i!cs  3. 
2.  A  “/”  separate.®  multiple  rstisgs  by  the  pilot. 


indicstes  test  poiat  pisttsd  fe  Figss®  C 1 1 


«-  *  .  -.V  S 

*-/  L 

K'i,'-.- V- 


PILOT  COMMENTS  FOR  2D,  RATE  Li'Mrf  OF  SO  DEGREES  PER  SECOND,  SUM-OF-SMES  TASK 


i  Piles  -  SoriieCs)  |  Pilot  1  -  P/4 

Pilots, -2  I  Pilots- 3 

1  CCMjpsr-Harpgr  Eatings  J  4/3 

2  t 

f  PIO  feibgs  l"  2a  1 

1  !  1 

Limit:  SQ  degrees  per  Traskiiig  Task;  Sum-O'f-Smgs 


AEECEAFT 


1  liiitiai  Response 

^  Respoasiva'Respoiisive 

R8>ipen§ive 

Responsive 

1  Stesdy-SMe  R@s^itse 

Responsive  (iis;^y 
Responsive 

Responsive 

Responsive  j 

1  P5'«dfctabl@ 

Yes/Yes 

Yes 

Gross  Acquisition 

Easy/Easy 

Easy 

Flag  Tracking 

Msimsm  adequate  and 
desired/Desiredi 

Desifsd 

Desired  | 

N©asi:  S.  A  “r  $©p®mie§  ffiuiJipl®  Miaga  fey  ths  sssae  pile!. 

2.  Aa“*”iadiesteste3Sp©iaspl«iR@dinFips’«C!J. 

3.  N/A  =  aet  gppiic^*©. 


LIMIT  OF  JS7 


£E  3ECONO,  SUM-OF-SMS  T. 


Tmk:  S»-<&f'Sisaes 


WeScs:  I.  Tbs  orders 


eompens&tios]  was  iiiodeiBts  and  the  workload  talsn^te.  In  the  two  evaluations  no  PIO 
oscuK'ed.  SoEse  pilot  esssaaat  isdudal;  “gajd  tt-aeker,”  “kjssasstivs  ts  pilot  gaiii,” 
“slight  snistnitds  between  uiitia!  and  steBd;^''Stato  response.'”  Thb  aircraft  was  iiited 

Level  1  with  m  tetideae^'  to  PIO.  _ _ __  _ 

is  Pilot  I  I  Pilot  2  |  Pilot  3.  3.  A  iadicstes  so  rating  wsm  gwm. 


2.  An  indici&ss  test  peiat  slotted  ki  Flmfe  C12. 


fel?) 

1^25 

S&^ 

>S&<M 

1 

ips^7i 

FGofcKd  Characteristics^j  Hiee  aiipSaie,  solid 

Bad  Chmoteti&ticg  Small  workload  Increase 
iii  poss  acqulskion  due  to 
rsquirejneat  to  compeasate 
for  slight  ova?  satisstiyity 

I  k  kltial  capture 

Keiss:  1 .  Ak  sadiealss  tesri  psmt  plotted  in  Figure  C12. 
2,  WA  •  not  espUeabfe. 


Good  tracker,  insensitive 

to  pilot  gsim _ 

Slight  mimnatch  between 
tire  initial  and  steady-state 
response  (asgllgible 
dsflsieasy) 


Aircnjft  CosligtiratisK:  2P 


Rats  Lsmit:  10  degrees  per  secoad 


Overail  Evaluatioa  lisitiai  response  was  irated  to  be  resposisive  to  slightly  fkst  Steady-state  rsspoMe  was 

slow.  Predietabili^  was  poor,  with  two  to  three  over^oots.  The  airemlt  was  described 
as  lightly  damped.  Gross  ac(|^islsition  was  dl&uit  for  si!  evaluslbn  pite.  Fine  ^king 
was  adsqmte  to  less  than  adequa^  requiring  ecmidesmble  compeitsation  for  a  tolerable 
workload.  Control  hamjony  wsai  poor.  Ko  mdicatiou  of  a  PIO  wsss  noted,  though  &ere 
were  atide!5irabfe  motions  which  were  easily  induced.  EKteasive  compgasatioa  was 
required  warmitiag  smprovemeat.  The  airersit  couM  be  felt  windiag  up  with  large  gross 
acquisitions,  witlt  ovorehoots  two  times  the  dEhince  of  acquisition  dtencc.  Small 
oscilktioms  about  the  target  made  the  di^cuit  during  fine  tracking.  This  was 
considered  a  Lovel  3  aiiptee,  with  adequate  performance  not  attainabk  v/ith  masimuia 
phot  cgrapeasatlon.  Coa-touabuity  was  no^m  question. 

Notes:  i.  The  order  of  retiags  is  Pilot  1  |  Pilot  2  J  Pilot  3. 

2.  Alt  indiestes  test  point  plotted  i»  FigUK!  CL3. 


Date  Flown:  16-,'Si[3r«9? 
Pilot:  Pilots 
ConfigHfutisn:  2P 


Rat®  Limit:  1 0  tteg/ssc 
Pr®§suf@  AWtutte:  1 0,000  ft  PA 
Indicated  Voloeity:  2aa  RiAS  | 


Langitudlnai  Trashing  Perthrmanee 


aumt  wm  pi^dict^biis  small  acquisitioss,  but  unpimctabis  fs?  !arf  ef  Si£^isitio». 
Ossss  «^iiii®itios5  di&glt.  Ffee  taekmg  wm  maktamed  wl&ls  dssssrgd  crteris. 
The  aisplaae  ttaeked  v/di  under  g.  CoasraS  hsrmaffly  was  gcsad.  Stielk  fers^  were 
medium.  Ovsmil  compensation  retpared  was  moderate  during  usquisition  asd  &c 

tmekkg.  Undesumbk  motions  wsrs  $e@n  dudng  gtass  acquisition  md  Sn^'  trsddng, 
particularly  whoa  not  trader  g.  TIjs  ssspitec  felt  as  if  it  were  wiasing  up  durfeg  grsm 
acqtiisiltOQs  and  it  eppearsd  easy  to  got  osst  of  pibsiss.  Tills  wm  elktsitisisd  by  ireieasing 
thg  stick  or  feasklag  out  ©f  the  loop.  Tlroagls  desired  padbrm®cs  wm  i^Uaised,  tids  was 
eonsidered  e  Level  2  siiplaae  with  objectioEMbk'  deUdencies  das  ts  titg  pi®bl«i$ 


sncouatsred  aursag  gross  aaquisition. 

'^iiTnirriTT - n-rt  nnrin~rr  ■”-**™***rTrT — »r  tut — rwir mrrniiTiiriri'n  rr-ng-if  TiirMiam'*  MSE3a&  SMkssas@sx£S!9 

j;  1.  lIsgorderofritkgsisKlot  I  I  ?i!ot2  I  Pilots.  3.  Aa“*”iBd!Vtes  test  point  plotted  Its  CM, 
2,  A  “f*  sepsr&tes  muldplg  rafegs  by  the  mse  pilot 


DatsFiewi:  IS-Apr-S? 

Rats  UmiS:  20 

Piiot  Plis^  1 

Pr@^?e  AKifc"^:  tO.OSb  ft  PA  j 

Ccnfiguf^at  2P 

Sn!S&^  Vsiedty;  2S0  K!AS  | 

Tsfeisca® 

PE.OT  COMMEOTS  FOE  2P,  RATE  LIMFT  OF  20  DEGREES  PEE  SECOND,  DISCIETE  TASK 


PIO  Rstiaas:  3* 


IssitiaJ  sdreijafi  siss^asc  was  slem’.  Steady-state  iiesp0ase  was  slow  te  Ksspeassve  wi&  i 
s&me  Ittek  of  pi'^dictebility.  Gross  acqumdao  was  sssasst^  by  all  pilots  as  diHlealt  due 


Coffipeasatiss  was  modeiate  widi  a  tolerable  prior  wtidtlisad.  No  iiidisatioa  of  a  PIO 
w§s  sated.  OvesaO,  the  aircraft  slow  to  respoad,  bat  babbled  about  the  target.  A 
saall  iiadesired  oseDMon  was  induced  about  die  target  daring  fiae  totekiag.  Ibe 
0ii‘«a  was  rated  as  Level  2  due  to  adeqasi®  entssirfe  met  ®d  {fee  rssquiremeat  for 


igs  is  Pilot  2  I  Pilot  2  |  Pibt  3.  3.  A  indicates  m  rsimg  was  givisa. 

tisst  psiffit  ptotted  in  Figtm  CIS. 


Flown:  22-Apr~87 
Pilot:  Plit^  1 


Rsito  Limit'  30  di^soc 
^issairs  Aifitudo:  lO.O'S]  ft  PA 


Bad 


£r;^kuig,  res|K>aiK:  was 
..  sH^tly  slower 

Ipmioits  (2D/Digia^as/2a).  _ _  _ _ _ _ _ 

subtly  objeeimbie  TwO'to~tbi^  ove^oots  Slis^Ma  dsimg  fii@ 

wbaa  wojfeissg  sfSMd  F*  damg  ^«®s  secjaisstioa,  feackiag,  spoiled  by 

^^siosulbs^poiist  adld  usctikbcios  about  iie  Mffioykg  bounded 

isiiei:  duriag  fm6  trackkig,  osciMio&s,  slow 
aassll  over^asot,  ifBS|jcs»seiSSea£iy-steste 

ossillslioa  die  respo^  OKOBssively  slow, 

tgfg^  tiiTce  overshoots  it  omis@d  a  lot  of  pilot 

widi  small  ^quisitioii,  e^pstsadoa  (ie^ 

laqjc  Jicquisition  ieails  to  required)  to  p;®v©as  big 

kirie  overshooit,  on  the  ovei^oots. 


diverge,  weals  to  divcrg® 


6 


3 


seSmisle  wcrkias4.  We  mdicaSkiH  cjf  n  PIO  \rm  se®a.  Yk;  akcrdt  tsaskgd  wdi  imder  g 
ms&  gos@  MbSiag  stai  j&e  ki@tL  iMge  rtssiekd  sws  krge 

ov^s^eots  itohig  Mdal  acquisilioxt.  Tii@re  wss  some  sliiggkkie&^  dwBg 
teskii^  wi&  isiow  K^poose  to  cswsiands.  1M  wgs  cot^idai^  a  L<sv@l 

2  ^splsaa  ^/Mi  mte'  imoyrng  wMBe  mIM  ^le  te  mim  tekd 


!«gf  01  x:wi®s i§ nls2 1  i  Ms«2  I  ni« 
Eniil%k  ise  s»@. 


S.  /i!s“''“mdic38teJ®&1poiEtpteffl«diiaFig»sCi7. 


DEGPJiES  PER  SECOND,  DISCRETE  TASS 


s 


Minimal 

Moilfflars/Mmjiinal  to 
Moderate 

Miaiatd  (Fine) 
Tol^fabte  (Grass) 

TolerablefMej'abie 

No 

1 

No/No 

Ko 

1 

Ne/No 

lEbi 

ki^e  acquisidon, 
pt%4ictiible,  tm;k$  well 


CliarscjssiBtics  J  Couple  of  overehoots 


di&uU  to  skbil!»,  Ste^- 
tO'foui'  t>vefsiio®£8  m 
^ass  acqiusiUoa,  'krge 
jiuB|}s  iead  to  large 


1 


Rate  Limit:  157  degrees  per  second 

TtSH&CjaxSKP. 


r  Rafets:  4'* 


on  mitiai  aiid  steady-state  t®sponsc  were  described  as  slow  to  responsive.  TTie  aircraft  w^ 

predictable  and  fme  tracking  perfonnance  met  desired  criteria  witii  minima!  to  modemte 
compensatloa  I'equLrcd.  Gross  acquisition  was  described  as  easy.  WorMoad  was 
minunal  to  toler^ls  and  no  tesdeficy  to  PiO  was  notad.  The  haadisag  was 

described  as  excellent,  very  responsive  and  feit  great.  The  sseond  pilot  commented  Mt 
the  aircraft  a  bit  sluggish,  much  like  s  iransport,  v/ith  some  famor  ffinayisg 
osciilatsoBs  under  g,  Overall,  this  coafiguratiOK  was  rated  ss  Level  2  fer  rainor  but 
8aB.oyffi|defickncies.  __ 

1 .  The  order  of  ratings  is  Pilot  1  |  Pilot  2 1  Pilot  3 .  3.  A  indicates  no  rating 

2.  An  indicates  test  point  plotted  in  Figure  CIS. 


Dote  Flown;  22“Apr“97 

Rate  Limit:  1S0  disg/SQC 

Pilot;  Pilot  1 

Pressure  Atitude:  10,050  ft  PA 

Cenfigumtlen:  2P 

indleatad  Velaeity:  2K  KiAS 

Lengltudifisl  Target  Tracking  P@ff©mMmeo 


SO  $0 
Tltnets^ss) 


- Tai^Ttses  ! 

Pilot  Tiw*  j 


iSi&vsI^r  Umitlisg;  2^,  OSS*  W7 


4  2 


1  1  1 


1  0  <i 


3340 


i^re  C!8  Representative  Flight  Test  Rasalt  2F,  Rate  Limit  of  i$7  Degrees  Per  Second,  Discrete  I'ask,  Pilot  I 


TEb!eC37 

PILOT  C0!!®<5ENTS  FOR  2P,  RATE  LmfflT  OF  157  DEGREES  PER  SECOND,  DISCRETE  TASK 


1  Pilas  -  Soiti©(s) 

Pilot  i  -9* 

Pilot  2  -  Not  Flown 

Pilot  3-8  1 

4 

Not  Flown 

4  1 

I  PIO  Rstifigs 

2 

Not  Fiown 

2  1 

I  AmCRAPT  i 

1  lastisi  Respsase 

Responsive 

N/A 

Responsive 

N/A 

Yes 

N/A 

Yes  1 

1  Gross  Acquisition 

Easy 

N/A 

Easy  1 

Oesired 

N/A 

Desired  | 

1  PILOT  INTERFACE  [| 

1  Control  Hairaony 

WA 

Good  j 

1  Stick  Forces 

Low  (at  i0W“g) 
Medium  (at  mcreased  g) 

N/A 

Medium  to  hi^t 

Minima! 

N/A 

1  Woiidoad 

Mmimal 

N/A 

Toierable 

1  Was  there  a  PIO? 

No 

N/A 

No 

1  Easily  Induced? 

No 

No 

g  COMMENTS  1 

Good  Cbai'acteristics 

Excellent  airctalt,  very 
responsive,  felt  gseat. 

N/A 

None  j 

j  Bad  Cliamctesfstks 

Control  harmony  gradient 
was  noticeable  at  hij^er  g 
(this  was  »he  only  reason 

N/A 

Slow'  and  .sluggish  j 

transport  type  aircraS  with  i 
2  to  3  o.sciilatioas  under  g  ] 

for  Cooper-Harper  rating 
of  4),  the  stick  force 
gradient  caused  some 
minor  unwanted  pitch 
osciliations. 

s3gBP«g3MiggpWi8Brisc;ia3ar/.gg'~i --r  i  "  " 

(minor  but  annoying 
deficiency). 

Notes:  1  An  indicates  test  point  piottsd  in  Figuj-s  CIS. 
2.  N/A "  not  applicable. 


Table  C38 

,  RATE  UMIT  OF  10  DBQEEES  PER  SECOND,  SUM=OF»SINBS  TASK 


Kate  LImfe:  10  de^er.  per  second  1  TtackiBg  Task:  Sam-of-Stees 


'10  Radsigs:  - 


Iflitiai  SHd  steady-state  resfianse  La  this  aircraft  were  described  by  s31  piiote'ts  sisw.  Thij 
aiicrsft  lacked  predictability  aad  was  veiy  difTicult  to  costroL  Gross  ssqidsltloa  was  i 
difficult  rcquiiing  intense  woiidoad  to  remain  in  phase.  Ibe  pilot  had  to  back  out  of  the  j 
loop  to  reduce  gains  and  allow  the  aiicraft  to  dampen  oat.  Fine  tracking  eould  not  be  ' 
aeeompiished.  Stick  harmany  was  poor,  with  medium  to  coateoi  forces,  i 
CossspeasatioK  was  considerabte  and  v/orkload  iatolerabSe.  A  PIO  was  easily  iadueed  j 
early  m  the  task.  Aircraft  coatroi  could  only  be  maintained  by  feacksag  out  of  fe©  loop. 
No  divergent  osciilatlens  were  seen,  lliis  sm-craft  was  rated  Level  3  requirlaj 
uriprove-meat  for  major  deiBckncies. 

1.  Kite  order  sf  rsstiags  Is  Pilot  I  g  Pilot  2  \  Pilot  3. 

2.  Aa  indicates  test  point  plotted  in  Figure  C19. 


Pilot  -  Softie{s) 


Steady-Stote  Respotxse 


Ffsdictabk 


■■HH 


Pil0t2~7 


9  (caiitmt  us  qucstsors) 


4  (increased  gala  to 
maintaja  contt'oi) 


AIBCSAFT 


Veiy  slow 

Slow 

Slow 

Slow 

Stick  Forces 


Was  there  a  PIO? 
Easily  induced? 


FSLOT  IHTERF'ACE 


N/A  N/A 


High  Medium 


Considerable  Considcraljle 


Eatoiersbie 


I  Yes 

Yes  ^  ^  ^  (entered  garty  in  task) 

COMWENTS' '  ■' 


N/A 


Medium 


Tolsi-sble  + 


Yss 

Yes 


Good  Chaiactenstics 


Bad  Charactenscies 


None 


Extremely  heavy  stick. 
Terrible  feeling  aircraft. 
Control  harmony  problems 
drive  lots  of  madverient 
roll  inputs.  Flyable  but 
workload  is  so  high  that 
eoncroilability  is  always  in 
question.  K,eqaiies  stop  to 

_ stop  pitch  i^uts. _ 

,An  indicates  test  point  plotted  in  Figure  CJ,9 
N/A  -  not  appiicsbfc. 


None 

None 

Extreme  lag  In  initial 
response  ISO  degrees  out 
of  phase  PIO.  Had  to 
reduce  gain,  back  out  of 
loop  to  danpen  out.  Not 
divergent,  dampened  with 
release  of  stick. 

Steady-state  response  was 
v«y  siow  and 
unpredietabie.  A  lot  of 
lead  required  to  contain 
the  amplitude  oftlie 
undesirable  oscillations. 
Sluggish, 

6 


ii'Ci'aft  response  was  alow  to  responsive.  Steady-staie  pssponse  was  slow  to 
responsive  with  some  lack  of  p'edictability.  Gross  acquisition  was  messed  by  all  pilote 
as  difficult  due  to  large  overshoots.  The  sireraff  feU  as  if  it  were  getting  out  of  phase. 
Fme  ttmckiHg  met  adequate  eriteria,  with  peffonnaace  iaeimsing  wiSi  {ieereastog  of 
gains.  Moderate  to  coosidessble  comp««mtioa  wss  required  to  achieve  adaqime  criteria 
with  t  tolesnbie  workload.  The  suBimation  of  the  pilot  eonmieats  ladieates  thet®  was 
sosBO  easily  iadisced  P!0  diuiag  gi'oss  acquisition.  The  PiO  appeared  bounded  makiag 
desired  tracking  iiapoissible.  The  airmfi  was  rated  by  one  pilot  as  Level  3  and  as  Level  2 
by  the  other  svaiuation  pilots.  Given  die  noted  PIO  and  diffisulty  with  gsms  aequisMoa, 
the  airmff  required  improverneitt  for  rnaior  defieieacy  and  should  be  considgred  L@vd 
_  3.  _  ^  ^  _ 

fhe  order  of  raSags  is  Pilot  1  |  Pitot  2  |  Pilot  3.  3.  An  indicates  test  point  plotted  in  Figure  C20. 

k  V  separates  inultipic  ratirigs  by  tiie  game  pilot. 


Date  Flawii;  tl-Apr-S? 
Pitot;  Piiot  1 
Configursttori:  2P 


■“^ask:  SunvbPSTRes" 
Rite  Limit:  20  deg/sse 
Pressure  Aitituds:  10,000  ft  PA 
Indieatotl  VeieeHy:  2S0  KiAS 


Tgore  C20  FispreseB'tstlve  Flight  Test  Result  2P,  Rate  Limit  of  20  Degrees  Per  Second,  Susa-of-Sines  Task,  Pilot  1 


IS? 


Rate  Liai  it:  20  degs’ees  per  geeoaci 


Hlot  1 » 1* 


Pilot  2 -2/5/7 


Fine  Trackm, 


Control  Haimony 


Was  there  a  PIO? 
Easily  induced? 


Rss|jM9!isive 


Yes  to  no 


AmCRAS-T 


FasO'K.esponsive/R.espoiisive 


No;  difftaifc  with  fast  onset/ 
No/No 


Dimcaii/DifficuJi/Dimcul'i 
(lar|e  ae^uistiens) 
Bordering  on  ^tKjuate/Other 
than  adennate/Adequate 
to  desired  (when  open  loop) 


PILOT  INTERFACE 


N/A  Poor  to  good  (too  much 

I  ire5pcnse)/Poor  to  good/Ttoor 


Low  to  raediuss 


Moderate  (adequate) 


Tolerable  I  To]etabJe{3) 


No/No/No 

No/Na'No 


Adequate 


High  side  of  medima 


High  side  of  tolerable 


Yes 

Yes 


Fine.  OK, 


Small  PIO  tendency 
with  large  amplitude 
aggressive  task.  Overly 
sensitive.  Drove 
overshoots  during 


Large  overshoot  witli  large 
target  jump,  feels  on  edge  of 
waiting  to  diverge  with  gross 
acquisition,  stopped  witli 
opposite  stick.  Had  to  abaidon 
task  to  recover  jet.  Did  not 
diverge.  If  task  had  continued 
with  larger  jump,  this  may  have 
diverged/Smail  oscillations 


predictabnity.  Difficult  to 
stabiles.  Bouncing  back  and 
forth  across  target,  not 
stabilizing.  Tracked  this  2  times 
to  try  and  gst  feel  for  the 


I  was  in  doubt  bebveen  o 
and  7. 1  decided  for  (5 
because  flying  low  gains 
improved  the  tocking 
quality  (veiy 
objectionable  but 
tolerable  deficiencies). 
Mot  predictable  at  all. 
Pretty  good  amplitude 


observed.  Good  tracking 
is  impossibk. 


‘Y’  separates  mukipie  ratings  by  the  same  pilot 
i  indicates  test  point  plotted  in  Figure  C20. 


Rgtt  Lmst:_30  degrsesper  s»c«l 


some  lack  of  p^'^dicMinity.  Gross  acquisition  was  assessed  by  all  pilots  as  difficult  due 
to  siow  respoasc.  Fine  tracking  adequate  crltens  v^as  met.  Stick  forces  wcm  medium. 
Compeaisatioii  wsa  moderste  vvidi  a  tolerable  pilot  workload.  No  iadietfion  of  a  PIO 
w®  noted.  Overall,  ibe  aircraft  wa?  slow  to  respond,  but  hobbled  about  die  target.  A 
istnai!  undesircd  osciiktion  was  induced  about  the  'target  during  fine  bucking.  The 
aircraft  was  rated  as  Level  2  due  to  adequate  criteria  met  and  th®  m^airemeat  fm 
eomidejsbii 


Date  Flown:  16-Apr*87 
Pilot:  Pilots 
Configuration:  2P 


■■™“"'™lasRr'Sum^'SirieB“ 
Rats  Limit:  30  deg/sec 
Pressure  Aifitude;  10,000  ft  PA 
Indicated  Velocity:  250  KIAS 


Longibsdii^l  Target  Tt^eidns  Pofformsnco 


respaasi¥e.  rise  sistrait  Iscked  eoaplite  p««aesaejlity  due  to  some  bo^  teg  Mlm'mg 
m  iaput  Cfem?  aeqakitiaja  was  difSeolt,  wiffe  some  ovei^eots  daring  i®^e 
acqais^o^.  Fkie  Siii^kkig  taiiidaod  adequate  paibrmasco  ad^rk.  Compe&s^os 
reqiskai  was  mada^  for  a  tolembte  werklsad  No  PIO  was  seen,  fe^igh  one  pdot  felt 


pdot  Overall  ratkg  for  dtis  akaaS:  was  Level  2 


yurt^t 
Date  Fltwm:  14-Apr-97 
Pilot:  Pilot  3 
Configui’Sition:  2P 


Kate  Umit  40  d@g/s©c 
Pressure  Aiituite:  10,000  ft  i-»A 
ind!K§ted  260  KSAS 


Lsngitaidlttes  ■  argist  1 


Time  (*«««> 


tevtit@r  Rats  Umititig;  2F,  SOS,  40  dag/aeo 


^Tsi^Tmi 
•  PsaTmk 


Figure  C22  Rspresestsliw  Flight  Test  Result  2P,  Rats  Limit  of  <! 


:  Sessad,  Sra-of-Smss  Task,  Pilot  3 


'Fil&t  i  -4 


Paot2.2/S/7 


Dificuit 


Easy/Easy  to  difficsslt/ 
Easy  (some  with 

imige  sc^isitkiu) 


PILOT  XMTEgtmCg 


Modmte/’'M&da2iitt£/ 
Moderate  (hr  krge 
aequmdom) 


e/ 


Dinicuk  £0  swiiia  on  Have  !£>  say  low  gain  to 
I  deslrsd  input.  Heavy  stick,  target  Oscillations  about  Snack.  Two  to  three 

I  Aggressive  inpass  lead  to  taget  Miid  oseiliations,  oscillsEioag  isfeove  the 

PIO,  not  divatgaet.  Aststapted  to  target.  Hie  sircraSt 

reduce  gaias  to  ssro  in  on  appesus  to  lag  pilots 
target.  Smait  bobblissg  irtputs.  Slow  overall 

I  shout  the  twg&.  Elisatete  resf».>Ks®, 

w/pilot  compmatim. 

Some  iurde.sirab!e  inotions 
with  ovetsheote  for  gsms 

I  scquisiiisas.  Csused 

I  degrees  roSation  to 

_ _ _  ,  _  _peKformance. 

Motes:  I .  A  “/”  sepgrases  mute ipte  rafeigs  by  &e  »HJe  pitot. 


V/ai-kload 


Was  tee  &  ¥101 
BtsUy  Ifflteed? 


COtlSMEN'S'S 


Good  Charectsrisdes  |  Not  bad  feeling.  Adequate  NoireA^oae/Noae 
I  achieved. 


luidai  sio'w  eo  ir^psTiisive.  'b  akeMt  ms  m 

pf^diesafete  &y  2/3  ®s®lim!iea  pites.  Gtm^  asqassllloffi  wis  jadged  wy  t®  diffis^ISs 
wMi  one  pibt  iMiumg  d€gM  fiss'  aritetm  Ccsipsmsdfm  r^pM  wss 

teffig  ^i&ss  ££q^i£iti0is,  md  sEigMiy  reduced  dmiug  tmckki;. 
icidieadcm  of  u  FIO  wm  mMA.  “niu  aksr^  ^ilkod  os  its  tstrget  md  wMma 


Table  C4§ 

SUMMARY  2P.  RATE  LiM!T  OF  IS?  DEGREES  PER  SECOND.  SUM-OF-Sfi^’ES  TASK, 


Limit:  IS?  dep'ses  per  gecoBd 


initial  response  was  described  as  slow,  wMi  steady-state  response  slow  to  responsive. 
The  aircnaft  was  somewhat  p-edictabk,  decreasing  during  tiie  gi'oss  acquisition  phase, 
making  gross  acquisition  difficult  Tiie  tsne  tracking  met  adequate  criteria  due  to  s  slow 
response  and  some  small  oseillations  about  the  target  Compensation  required  wiss 
moderate  with  a  tolerable  woikload.  No  tendency  to  P50  was  noted  during  th®  trackiag 
task,  though  some  undesis’ed  osciiiations  were  seen  about  the  target  during  high  gain 
tracking.  Oveiall,  tiie  aircrait  was  slow  asid  sluggish  to  respond  with  &  heavy  stick  fed. 
The  aircraft  was  rated  as  Level  2  due  to  the  adequate  peiformanee  and  sbjeetionabte 


_  _  J^osdHs^ns. 

Notes:  1 .  lie  order  of  safings  is  Pilot  1  g  Pilot  2  J  Pilot  3. 
2.  All  indicates  test  point  plotted  in  Figure  C,24, 


‘  indicates  no  rating  was  given. 


Date  Flewii;  22“Apr*8? 
Pilot:  Pilot  1 
Conflaufatien;  ZP 


"TllkrSurn-of-Slim'""""i 
Rate  Limit;  157  de^toe 
Pfsasure  Altitude;  10,000  ft  PA 
Indleatsd  Velocity:  2S0  KIAS 


Longitudinal  TaifetTraekliig  Perfoirriianes 


10  20 


00  40 


50  SO  70 

TItns  {softs) 


90  1C0  110 

oPil^ToKk  ! 


Siwatar  Kate  Limitinai  2P,  SOS,  167  tisgfe^ 


lUO  KUJ  :I46 


PiO  Raimffs:  6® 


The  aircraft  pitch  response  was  exh'emely  sensitive  to  pilot  gams  and  ©veralS 
unconti’oliable.  Even  if  the  pitch  response  was  responsive  to  fast,  tiie  pilot  was  able  to 
track  the  target  with  moderate  eompensation  and  tolerable  workload  within  the  adequate 
petfsiTnaacffi  criteria  as  long  as  his  inputs  were  smooth  and  controikd.  On  mere 
gggiassive  or  larger  coiTecrions  the  aircraft  was  over-respeasive  and  uriprsdktsbie  and 
_  _  the  onset  of  divergent  oseiitetions  was  unavoidabls. 

1 .  'fite  order  ©f  ratings  is  Pilot  1  |  Pilot  2^fpS 

2.  An  “®”  itidicatos  test  poisit  plotted  in  Figure  C2S. 


Lenghudina!  TasfstTraekini  P&rfartrianco 


Jwatsf  Kate  Umiilng:  §DU,  D!b,  28  d@g/i@c 


Figure  C25  Represeststive  Flight  Test  Rasuls  2DU,  Rate  Limit  of  20  Degrees  Per  Second,  Discrsts  Task,  Pilot : 


TsbkCSS 

PILOT  COMMENTS  FOR  2DU,  RATE  LIMIT  OF  20  DEGREES  PER  SECOND,  DISCRETE  TASK 


Affcsm  ConfiKtiration:  2DU 


I  Rate  Ltoiit:  20  degrees  per  seeond 


Pilot  “  Sorti®(s 

)  . t 

P 

Piiot2-5  1 

1  Pitot  3  "  3 

Gres  Acquisition 


Fme  Trackm 


Respoafiive » Fast 


Responsive 


Yes  (at  tow 
ain/sniplitode) 


Difficult 


Adequate 


FSLOT  immFACE 


!  Low 

Comperisaiiosi  1 

1 

1  Moderate  +  (at  high  gain 

1  and  amplitude) 

Workload 


Responsive 


Easy  (for  small  inputs) 
Difficult  (for  large  st^s) 


A 


Bad  Charactenstics 


I  amplitude  task.  I  started  induced  with  gross 
I  getting  used  Co  th@  F,  acquisition. 
j  gradient.  __ 

Notes:  1 .  An  indicates  test  point  plotted  in  Figure  C25. 


Divergent  with  initial  to  Continuous  bobble  ever 
the  loop.  Ugly.  Easily  the  target.  Small,  tow  gain 


control  inputs  do  not 
expose  tli@  oscillations. 
Sluggish  response. 


TfiMe  C52 

SUMMARY  2DU.  RATE  LIMIT  OF  30  DEGREES  PER  SECOI®,  DISCRETE  TASK 

mg  Task:  Diserete 


f«spoB§@  wmv  responsive.  The 
sl^ady^siate  response  was  wipredictable  so  thst  ihe  gross  scquisiiion  of  the  tai^st  was 
diSEleuit  wife  two  to  ihf@e  overshoots.  The  amplitude  asd  frequency  ©f  those  oseillatioas 
were  suiprisiag  to  fee  pilot  that  was  forced  to  raise  workload  sad  fee  levs!  of 
campensatisa  required  to  track  the  target,  Notwnhsmiuisng  fee  c0asMet“abk  pilot  eftbrt 
the  target  eouM  not  be  tracked  wiihia  fee  adequate  erlteris.  Oa  a  ssagle  ossurrease  a 
large  abrupt  input  needed  to  agg;rssslvsiy  capture  fee  target  led  to  divergent  osciltaiioas. 
The  configuration  was  thcrafbr®  rated  a$  uneontrslhbk.  ITic  evaluadon  pilot  pointed 
oat  feat  Wife  a  kss  dsat^diag  task  or  at  a  lower  pilot  gain  this  Im  haadliag  qusllty 

de'Ecioncy  wowM  have  been  uadeteefed, _  _ _ 

IT  Ths  ssder  of  sitings  is  Pilot  1  |  Pilors.  3.  A  indicates  no  rating  was  given. 

2.  As  mdicates  test  point  ptetted  ia  Fipie  C26. 


Rats  Lhaii::  30  degrees  per  §ecoad 


Evilsiation 


ei! 


The  initial  pitch  response  as  well  as  fee  §teady-stal 


'  ■  "IWc:  Dlstifet© 

Dat§  Ffewn:  22-Ar3r-S7  Rate  Limit:  30  deg/s«c 

Pilot:  Piist  3  Pnaasur^  Aititud®:  IS.OOQ  it  PA 

ConSguratiOfi:  ZSU _ inditated  Valocity:  2g0  KIAS 


Lengfeidinffl!  Tsi^et  Traeking  Perfemtafiee 


The  aa^rsit  iiiitia*  pitch  respoase  appeaired  to  be  fast,  while  fee  steady-state  respease 
was  geaeraliy  considered  adequate  to  accomplish  fee  task.  The  aircraS  could  mck  well 
at  tow  pilot  g&in  and  steady  cosidttiotts  within  th®  desired  perfomiaace  eriteris  with 
moderate  compensation  and  toiertfele  workload.  However,  duihig  aggressive  pulls  or 
abrupt  sgpiures  tiie  aiirni^  response  appeared  to  lag  the  pilot  sapat  sad  dsvaEgent 
osciiktiotts  started,  ^lots  liked  the  tine  tracking  charactenstics  of  the  imoraH  m  low 
gain,  but  the  gyoss  acquisititm  response  to  aggressive  iapute  vm  etearly  objecdeaaljle, 
_  _  feetefore  an  ovstali  aneoatrollabte  rating  was  given.  _ 

1.  liis  order  of  mtlags  is  Miot  1  ffilot  2  f  Pilot  3. 

2,  An  indicates  test  point  plotted  in  Figure  C27. 


3 


Rate  Limit:  40  degrees  per  second 


„4 


Fmg  fracking 


Control  HsimioHy 


AmCRAFT 


Resesnsive 


Yes  Q'm.'Sf 

No  (Kind  of  a  eliff  in 
poifofmgnce) 


Dmicuk 


Desned 


Difficult 


Desired  (Dtuifig  loaded 
traeking  OK.  i¥obIem 
hidden.) _ 


Low  to  Mediura  (Good 


Low  to  Medium  (Feels 
touchy  in  gross 
acquisition) 


Gowi 


Medium 


1  Compensation 

Minimai  (Fine) 
Considerable  (Gross) 

Considerable 

1  Workload 

Minima!  (Fine) 
Intolerable  (Gross) 

Tolerabie  trackitig) 

Intolerabte  (During  gross 
acquisition) 

Tolerable  (High  side) 

Was  there  a  PIO? 

Yes 

Yes 

Yes 

1  Easily  Induced? 

Yes  (Large  amplitude, 
aggj'cssive  input) 

Yes  (For  gross  acquisidon) 

No 

COMMENTS 


Good  Charactsjistscs 


Fme  track  excellent. 
Fiyable  low  gain. 


Tracking  is  good  under 
steady  conditions. 


Bad  Characteristics 


Gi'oss  acquisition  at  high 
gain  seemed  to  lag.  Led  to 
divergent  PIO. 


’  indicates  test  point  plotted  in  Figure  C27. 


Gross  acquisition  -  lai-ge 
1  jump  +  or "  results  in 
j  divergent  PIO.  Flight  pubs 
!  sirboEse  momentarily  -g 
vailabie  stability  system 
dump. 


I  Jeiky  initial  response. 

!  Abrupt  captures  start  a 
I  divergent  PIO. 


Alfom-  Ni-33?^ 

lasK:  uiscrote 

Data  F1<j«iti:  14-^r=97 

Rate  Limit:  SO  dog/see 

Pilot:  Pilot  3 

Pressure  Altitude:  10,000  ft  PA 

Configuration:  2DU 

Irtdicaied  Velocity:  260  KIAS 

Fins  Trackmg 


PILOT  I^’TEEF•ACE 


Exjieiicnt  {with  increasiiig 
g)/GcK,*d 


Low 


Pool- to  good 

Good 

Medium 

Medium 

Compensation 


Woridoad 


Was  tiiere  a  PIO? 
Easily  Induced? 


Miiumiii  (Fine) 


Moaeraite  (Gross) 


Mmimal  (Fme) 
ToJetable  (Gross)/ 
Minimal  (Fine) 
Tolerable  (Gross) 


Yes  (very  im!c)/Ye3 
No/Yes 


Acquisition) 


Yes 

Yes  (with  Gross 


Tolerable 


Yes 

No  (only  big  pull  eseited 
it) 


Excellent  fine  fi’ack.  Solid  Fine  tracking  desired  Fine  ss^kiag  good  it 

fine  u-aek  at  high-g.  pcrfonaaace  with  aiiuunal  t^gel  stable. 

Tripped  variable  stability  compensstioa.  Tracks  real 
system  during  aggressive 


COmSENl'S 


Mtssl  captotss  one  to  two 
overshoots.  Small  PIO 
with  very  aggressive  input  |  foilowiag  jump 
to  very  close 

coatreFSpringy.  Lightly  j  divergent  osdllstioas. 

iy 


sensitm 


Notes:  1 .  A  r’  mpm 
2.  As  “«’*  mdi 


iitltip!®  ratings  by  the  same  pilot, 
test  point  plotted  in  Fifire  C2i. 


m 


line  initssi  impssasion  was  of  a  vesy  gcssd  ainemS  ■with  a  quick,  eves  if  sM^iy 
mitM  pMi  itespoms.  Fke  quaSit)'  was  gmsmlly  gmd  wlih  eo  imdeskalsle 

motioi^  atd  Stowed  te  achieve  desk^  peiformance  is  all  die  evaiu^om.  However 
dui-iag  a^ressive,  lai'ge  amplitude,  gross  acquisiticm  maaeuverksg,  the  aiipkne  wound'* 
up  and  diverged  in  pitch  in  two  occssiom  out  of  five  evainasioni.  Other  objectionable 
chsjscteristics  were  an  atssoyiag  small  pitch  bobble  amud  the  target  during  gross 
acquisition  sad  the  teadsiscy  to  ^ossiy  eveisliaot  die  target  during  i^vmaSs,  Overall  die 
eottfigiuation  had  s  clift-typs  hsadlisg  qaslity  de&ieacy  very  well  mssked  during  the 
task. 

Hotss:  1.  Hie  o?dei‘ of  «iiip  is  Pilot  I  |  PiloC2  |  PibtS.  3,  Afl  isndsc^ites  test  point  plotted  iti  Flgisre  C2f, 
2.  A  “/”  separate  rnuifipie  mtiags  by  the  same  pilot. 


Figwe  C29  Rsprsieatitive  Flight  Test  Result  2DU,  Rate  Limit  ofdO  Degrees  Per  Second,  Discrete  Task,  Pilot  3 


rf 


ra&msspoBSivc 


Yss/Yes 


Grass  Acq«5S!'iion 


CoatrsS  Hsrmss 


Workload 


WastoaPIO? 


N/A 


yediian  (stsif  stick) 


Tolerable 


Desired/Desrred 


FSLOT  gNTE^ACS: 


Qood/GoGd 


Medtum/Medium 


1 

1  Oo^  Characteristics 

Not  bad  idling, 
adequate  achievable. 

Bad  Charas^iTStics 

Heavy  stick,  nose  lags 

deshed  input, 
aggressive  inputs  lead 
to  HO. 

Moderate  (Gross 
Acqujsition)/Minimai 


T 


No/No 

No/f^o 


Yes  (up  fe  she  poiat  where  it 
west  asisSabIe)Ares 


Easy  (isp  to  the  posnt  vrhere  it 
west  imstabie)/Easy 


Go&d/Gi5©d 


Mfidiimi/Mediujn 


ModerateModemte 


Yss/Yes 

No/No 


&8asmve  to  touch,  vanable 
stability  system  diseagage 
iradei’  aerodynamic  buffet, 
feels  Hies  limited  control  to 
capture  high  acquisition,  some 
annoying  deficiencies  with 
desired  performsace/Small 
pitch  bobble  about  taif  eS  wisar 
gross  acquisition,  excessive 
riosS"Up  during  rsvetsal,  does 


it  diverged  during  a  big  puli  in 
a  quick  and  surprising  way; 


dsfkiency/Duriag  the  last  big 
pull  of  fee  task  the  aircraft 
wound  up,  sneotmtsred 
aerodyfismic  buffet  and 
dspajted  in  pitch.  Cliff-type 
handling  quality  defieieacy. 
Very  well  masked  during  the 
satire  task. 


Bad  Chardctenstics 


Flew  fairly  wait,  satisfactory 
wi&&us  kaproveiitant. 


One  to  two  oveiR&oot  initiai 
acquiskloQ.  stnail  bobbimg 
about  tai^et  under  iow-g, 
large  bobble  wifli  large 
acquisition,  stopped  short  on 


Good  fine  tracking  but  I 
wasn’t  confsdest  in  giving 
it  a  4  so  I  decided  for  a 
S/Good  tracking  under 
Eooderate  -g  (below  2  g) 
UKidifig._  _ _ _ 

Two  oscillations  for 
aggressive  tracking, 
oscillations  were  quick  and 
surprised  tlie  pilot,  they 
damped  out  quickly  but 
were  suiprisuiig,  overall  & 
springy  and  “neiwcus” 
configuration/At  higher  g 
vsiues  of  two  annoying 
pitch  rate  oscillatioiiB 
(rnmor  but  armoyiag 
d.efieiency). 


1 .  A  ‘V’  separates  multiple  ratings  by  the  same  pilot. 

2.  An  indicates  test  point  plotted  in  Figirre  C30. 

3 .  N/A  -  not  applicable. 


Aircraft  CoRagaration:  2DU 


Rate  Ltfftit  20  degrees  per  seeond 


aaags 


Tliis  aitpiawe  was  characterized  by  a  &st,  mirial.  and  steady^atate  pitch  raspossse.  The 
aircraft  wss  cotisistently  rated  ancontroUable  due  to  die  fact  that  jus!  eutering  die 
oon&oi  loop  with  noitaal  inputs  caused  divergent  csdillations.  Releasing  or  freezing  the 
contfoi  stick  did  not  stop  tte  oscilktions.  %e  eonftgimtion  ■wm  eleariy  uaflyable 


L  The  order  of  ratings  is  Pilot  2  |  Pilot  2  |  Pilot  3. 
2.  An  indfeatss  tesst  point  plotted  in  Figure  C3  J . 


Table  CM 

AY  2DU,  HATC  LIMIT  OF  30  DEGREES  PER  SECOND.  SUM-OF-  SINES  TASK 


TrackiHg  Task:  Sum°of«Siites 


lliis  aircraR  eoafiguration  appeared  initially  good  to  perfons  the  task  with  slightly  &st 
inidai  but  responsive  steady-state  response.  Prediciibility  md  ease  of  control  were  not 
questionable  widi  moderately  aggressive  pilot  inputs.  In  fact  two  out  of  fwe  evaluations 
assessed  the  aircraft  ®  a  solid,  comfortable  piatfomi  to  fly  with  minimal  compensation 
and  tolsrabk  workload.  However,  when  th®  aii'craft  was  flown  very  aggressively 
uadesired  motions  and  in  one  evaluation  a  PIO  v/ere  started.  The  PIO  could  be  stopped 
by  raieasiug  the  consols.  Overall  configuration  handling  qualities  wcra  evaluated 
Level  1  Md  Level  3  by  one  evaluation  pilot.  Level  1  by  aaoftser  pilot  and  Level  3  f^iee 
by  die  third  evaluation  pilot  This  ampfe  variation  in  the  ratinp  could  be  athibuted  to  a 
clilf-ty'pe  handling  quality  deficiency  that  was  higlilighted  only  when  the  task  requist^d 

Iwgs  aaiplittide  and  very  aggreiisive  coireGtioas,  _ 

3.  An  indicates  test  point  plotted  in  Figure  C32. 


Notes;  1.  Theorder  of  s'ativigs  is  Pilot  1  |  Pilot  2  |  Pilots. 
2.  A  separates  multiple  ratings  by  the  same  pilot. 


'  "XtFcrSItT'WT-'SK 

Date  Flown:  22-Apf"97  Rate  Limit:  30  deg/see 

Pliet;  Pilot  3  Praasure  Altitude:  tO.ODO  ft  PA 

Configuration:  2DU  Indicated  Vsiosity:  SSO  KiAS 


Longitudinsl  Tai^et:  Tracklnf  Peitonnanee 


Figara  C32  RepresesMive  FHglis  Test  Result  2DU,  Rste  Limit  of  3S  Degrees,  Per  Second,  Suis-of-Sfags  Task,  Pilot  3 


lot  I  =  9/f 


8/3 


Pi^eaietable 


Gross  Acquisition 


Control  Harmony 


Stick  Forces 


Compensation 


workload 


Easily  Induced? 


Yes  (F'me) 

No  (iaiie  amp!itude)A'es 


Desired/No  imtiag  Adequate  to  desired 


PILOT  SNTEMi’ACE 


WAfm. 


Low/L<3W 


Minimal  (Fme)  to 
considerable  (Gross 
Acquisitioa)/Mmiiaal  (Fine) 
to  moderate  (Gross 

Acquisition)  _ _ 

Mmissiai  (Fine)  to 
iiitolerabis  (Gross 
Acquisition)/Mmim8i  (Fine) 
to  tolerable  (Gross) 


Yss^o 

Yes  (with  njutin©  gaiit)/No 


Good 


urn 


Mmunal 


Minimal 


Istolerable/Toierabie  0iigh 
side) 


Y®s/Ne 


the  contro!s)/No  (undesiied 
oscillations) 


Good  Cfaai-acterisiics 

Fine  Tracking  OK/Good 
fine  track.  Pretty  good 
ail-plane. 

i 

1 

1 

1 

No  oscillations  about 
die  target  Good  steady 
tracking.  No  tendency 
to  bobble  with 
aggressive  in  tlie  loop. 
Nice  .siiptene. 

Bad  Ch^acteristics 

Overly  fast  initial  response 
led  to  large  overshools.  Easy 
to  get  oat  of  phase. 
Controllability  was  in 
questson./Slightly 
ovsfsensrdve.  Drove  some 
small  overshoots. 

j 

N/A 

Th®  iiiitial  aad  stody-stete  piteh  respoase  were  assessed  “abnipf  ’  and  ’  widi  smali 

oversheets  &ad  oseslkdOHS  about  tlie  taiiet.  For  bigpr  control  inptsfe  out-of-phas® 
oscilktions  wer@  mdueed  aud  could  be  eiktilnated  by  c^ducmg  the  pilot  gsks  md 
aggressiveness.  Overall  the  aircraft  handling  qualities  were  coasteatly  rated  Level  2 
will}  ocoasisna!  PIO  testdcadss. 


Dai®Fi@ivrs: 

Pilst:  Pilot  2 
Configuration;  aou 


Rato  Limit:  40  d8g^§©e 
Pf@8§ur@  Altitude:  10,000  ft  FA 
indicated  Vfeledty;  ggO  KtAS 


LongituditiSif  Tat^stTrsuking 


$>1Q 

10*15 

IfOS  3l»40 

4^ 

Flkh  &iite  Eiswstor  Sfefe 


KI@i  1  -  P 


Mot  2. '2 


AMcmrr 


tejjousive  i*, 


«^i'oss  AsqmsmoR 


Coatsrol  Hamoav 


Stick  Forces 


Compeitsation 


Workload 


Easily  Indueea? 


Gfjoa  Chsracferistics 


Bad  Charaetensties 


serformasice  sntena) 


PriLOT  INTEStFACE 


Medium 


Toierable 


Aos'apt  mpwts  cause  mild 
PIO,  easily  ccmpsosated 
for. 


Adgquaie 


e 

Moderate+ 

Tolembl®+ 

springy  mid  iup'edictabk» 
ificmsing  pilot  woi’kload,  jerklne-ss  makes  this 
a  bit  too  fast  on  iititisl  confipration 

uncomfortable  for  the 
pilot,  undesimble  rnotioas 
were  mily  Mused- 


Table  C7i 

PILOT  COMMENTS  FOR  iCsU,  RA1E  LIMIT  OF  ^  0EGSHES  PEE  SECOI®,  SUM-OP-SINBS  TASK 


i  Pilot  -  Sojti8{s) 

Pilot  I  “  4 

Pilot  2 -5/7* 

Pi, tot  3-6  1 

f^Cooper-Hsper  iifegs 

3 

3/3 

5  1 

!  PIO  Rstkgs 

2 

212 

3  1 

1  Initial  Respease 

Responsive 

Responsive/Responsivc  to 
fast 

Responsive  | 

1  Stady-State  Rsspoiiss 

Responsive 

Responsive/Responsive 

SsspoBsive 

1  Predt^bte 

^  Yes 

Yes/Yes 

No 

1  Gross  Acquisition 

HHH 

Easy/Easy 

Easy  (for  low  gain 
tmtMui) 

1  Flag  Twkiag 

Desired/Dssired 

.Adetiuste  | 

1  FB.OT  MTEKFACE  | 

Coatral  Hannany 

N/A 

Good/Good 

N/A  1 

Stick  Fot«®s 

Low  (firm  feel) 

Medium/Mediusa 

Medium  | 

Compensiition 

k^iiiunai 

Mittunal  to 
ffioderate/Miniinal 

Moderate  1 

Minimal'i- 

Minimal  to 
tolerable/Mlniinai 

Toismbie+ 

1  Was  thes’s  s  PIO? 

i  Easily  laduecd? 

mmmm 

No  1 

No  i 

1  Good  Cbni'scinrissics 

One  saiaii  overshoot  dicn 
no  prsbto,  nice  fseiing 

Jet- 

Gross  Acquisition  was 
good/Smail  aequtsiUons 
easily  conTOliabk, 
rnlnimai  contpemtion 
required  to  acconuiiodate 
for  sjMingy'  feel. 

None  1 

Sad  Chmcteristics 

subtly  overiy  semitive, 
very  springy  feeling,  high 
frequency  short  period  but 
were  dnmped. 

Small  osciiktions  about 
the  target  during  fine 
tracking,  difiicuit  to 
control  wMiout  increase  in 
compensation.  Task 
perfortnaace  was 
compromised 
slightly/Pitcb  bobbling 
about  the  target,  slightly 
abrupt,  springy  with  large 
acquisitions. 

Quality  of  tracking  is 
strongly  dependent  ©n 
pilot  gains,  utipmdictabie 
overall,  undesirable 
motions  easily  iitduced. 

Notes;  i.  A  separates  Biuftipte  nstfflgs  by  die  same  pi 

lot. 

2.  An  sndieases  test  p43mt  plotted  ia  Fipxe  C35. 

3.  N/A '  not  appMesbie. 


ns 


Easily  Induced?  f  Ng 

Good  Chamc«8fistics~'~T*GiTCd  aiipiaae. 


COMMEMTS 


Mooorate  (low  ead) 


To 


No 

Yes  (uiidesirabk  motioas) 


Bad  Characteristics  f  Slightly  over-respotisive  in 
I  initial  captiu'e. 


Notes:  I .  An  indioases  test  point  ploa^  ia  Figut«  C3S, 
2,  Wh "  not  applicable. 


goo4  Hacker. _ _ 

Two  to  dsree  oscillations. 
“Springy”  initial  response. 
Mildly  irapleasant 
deficiencies. 


DATA  PARAMETER  LIST 


GE«0U]MB.BAS1EP  AW5  M JGHT  MT 
DATA  PAUliMlTEIli 

'Hse  dais  paimetsi-  s^uE'4ia®a2s  which 
were  eoltostcd  for  ai!  test  points  Sit;  shown  in 
Table  Dl. 

Its  support  ef  fsur  test  otgectives,  the 
Mlswkg  gpssifje  dsta  ¥/@e«  ssilset^: 

1.  For  Objsstjw  i,  dse  NT-33A  time=hi^Qsy 

to  pitoh’^p  and  &3<|8@Qcy  rsspoms 

for  eempadnoa  wMi  pgfflght  prediedoas. 

2.  For  Objgoiive  2,  2D  elevator  position  and 
rat@  time-histesy  data  of  the  discrete  tracking  task 
for  a  fsag®  of  rate  limits  (Tabie  D2  and  Figare 
Dl).  Data  w‘ere  eolketed  and  analysed  drom  the 
U8AF  TFS  simutetar  §siid  the  NT-33A  flight  test. 

3.  For  Objoetim  3  and  4,  dta  pilot  eammrat 
Fipps  D2,  (iaofeidjag  C©cf«^K@j^  [Figtre  DS] 

snd  PIO  ladjjp  [Figut^e  D4]);  the  teat  dtbmf; 
and  the  tims-bistesy  dafe  (Table  D3). 


The  pilot  soMment  wd,  tlie  C©oper»Htrper 
Rating  scale,  the  PIO  Rating  scale,  the  posrtlight 
debrief,  arid  the  timet'-bistoiy  data  requbemeats  mt 
ccmiamed  in  this  app@ndk. 

BlFMraOMS  AMI'  SCALES 
PILOT  COiVIMim'’  CAKB 


Ini'M  girotiS  mevememt  due  to  control  mput. 

1.  “Slow.**  Initial  airemft  movemeat  is  net 
quick  enough  to  accoasplish  task. 

2.  “Responsive,”  Initial  aireraS  movmamt  Is 
quick  cHoagh  te  acsompligh  tas'e. 

3.  “Fast.”  Initial  aircrsi^  movement  inhibits 
sccomplishmeat  of  task. 


Table  Dl 

FLIGHT  AM)  GROUM>.BASED  SIMXJLATION  TEST  PARAMEl'ERS 


1.  “itow.”  {sffivwisat  k  nsa  ^aiek 

t3  tmk. 

2.  “EespoBsivs.”  Aum^  movsmastt  Is  qsiek 

sEough  t©  asesmplsii  Jssk. 

3.  “Fast.”  Ates^  movesseat  iahibits 
scaossplkhsEsat  of  mk. 


D(^  aix€raS  mov^i^t  whsn 


1.  “Yss.”  Airssmft  mvejamt  begios/eeases 
when  desii’ed. 


Fiteh  £md  roll  maoagiit@Bal@s  witb  spsplimJdon, 

1.  ‘*Pmr.’^  Iscansiateaeies  Lrapaete 
sseoaspiliko-^iit  of  fygk. 


2.  “Qm±"  laeaaMssmciss  did  sot  impset  tesk 

3.  ''BxegUeEt.”  No  appsseat  lne©ftsiiteBei( 
durkgtask. 


Stiek  forces,  cstiaist^d  by  the  pilcst,  rgqiiksd  j 
iMgpkcc  akmH 


No.”  AifCfi^  faovcmeat  dms  not 


Fiiwe  D2  Pitot  CsssntarS  Cast! 


a.  Did  my  externa!  factors  (tndBc  calls, 
ttiAdeiSce,  shettp  ia  test  eonditioss)  bi®  the  mm\t& 
cftheMpoiat? 

b.  Ate  the  review  of  fe®  HUD  video, 
there  fia-ther  pilot  eonisii9tits  coBeetitiag 

SSfiTOSSiVfiSSfiiSSS? 


f.  Mes*  tSis  review  m  Sh®  HUD  't»sdeo,  « 
there  iiafiier  pilot  costHHeEta:  oonseraiiig  sliek  gaa? 

g.  E&te  ^'om'  cotildeace  ia  the  ol 

tine  dsta  collected  for  this  test  psiat  (Acceptehle, 
Se-Fiy).  Rasoas  for  re~fly  k* 


e.  Ate  the  review  of  tlie  HUD  video,  sse 


iplistei  (Mite  Ei) 
(■inaiiCB  (MOPs)  us 
!.isiited  flight  test 


iBvss'df^Cts  pilsi-isdtst^d  osdliatioa  dtie  to 
devgsor  lisaMfeig  filAVE  LSMI’IB).  Ilse 
aiaais!  sl§©  defiaes  %’hm  data  req^fresiffits  wwe 
cslfected  for  MOP. 


Obiwlw 


NT-33A 


HJfltrixia  A 


Table  El 

SriQUli]aEl>4ENlS  TKACEABILFfY  MAITSa 


gimuiation  (Ma  for  tbs 
^0  test  poiists  flown 


Dotsimiae  three  rats  limits 
usfeig  the  USAF  TPS 


Cakpan  will  detembe  three 
recommended  rsb  limits  for 
saslie  L 


Vmiy  rocotumanded  mts 
limits  givbg  aefficicat  leaiSts. 


Pilot  eommoats,  CII  latiags, 
PIO  retiags,  and  time  histories. 


Pilot  commetits,  CH  rstmgs 
d 


Thiie  history  of  elevator 
rate. 


1  sHte  history  ©f  sbvator 
mte  and  mimu  used  far 


time  bstone.%  ( fafoie  D3). 


Hiot  comments,  CIT 

Sid  FIO  J^ags. 


In  the  gesompildBrniat  of  the  Imsitod  flight 
w  Hav®sSigsljoa  of  pUet-kduoed  osdllation  due 
ts  etevatsr  fate  Ihaitmg  0-iAVE  LIMITS)  flight 


wes®  demed  sad  risked  for  each  test  tnisgion. 
The  se&ed  overall  test  prosedures  Indsade  the 
pi'stet  briefeg,  m-Siiht  test  pttjeedtK®®,  pest- 
test  brieSag. 


of  2«ffiiaute  HUD  tmskaig  mks.  At  the 
cstapikion  of  »h  test  point,  the  Cdspsa  sgfei^ 
pilot  would  prspiiH  the  ia-flight  simaktor  for 


ais  comfseats,  uooper-.tifflper  rmmg,  ata  pjo 
rating  for  reeordlag  oa  the  is-Sighs  voice 
recBfdera.  the  Caispan  ssfej?  pilot,  having 
eompted  the  ehssgsd  of  test  eoaditlea,  was 
ready  for  die  next  test  point.  The  procedure  was 
repeated  until  the  luel  limit  was  reached. 


The  USAF  TPS  HAVE  LIMITS  test  sesHU 
chaired  die  pretest  foriefiags  before  each  flight, 
Ths  test  objecdves,  preeedares,  success  and 
ge/Ro-go  criteria,  aircraft  states  and  crewmember 
responsibilities  were  discussed.  Any  data  pitsducss 
needed  at  the  end  of  die  fli^t  were  also  discussed. 
uo/No-go  ditiria  wet^  reviewed  durfeg  the 
pretest  briefing.  A  eheckiist  for  tli®  go/no-go 
criteria  is  gdsfesd  hi  Tafek  FI. 


The  project  pilot  was  in  tiie  cockpit 
of  the  NT-SSA  aircraft,  with  Calspan  safety  pilot 
in  the  rcffi  cockpit.  Each  sastie  consisted  of  a 
60-second  wana-up  period,  followed  by  a  series 


1.  Evaluation  pilot  takes  command  of 
aircraft,  safety  pilot  loads  next  test 
configtirailon. 

2.  Challaige-respoase  die  cunent  test  point, 

3.  Cim  the  area. 

4.  Call  ’‘Itegffl  snaneuver.” 

5.  C®11  ‘^st  point  complete." 


S.  Both  pile®  determiBe  if  teg’s  peto  should 
S>e  rsaccomplisliid  <if  yes,  return  to  step  2). 


Table  FI 

QO.'I'IO-GO  CONSIDERATIONS 


€ 

Bavis  CA  95gJ6-S2f4 

1  : 

i 

UiAFim/EBT 

220  8ass&  Wolfe 

Edwajds  AM  CA  93324 

r/ 

S 

& 

i 

412  TW 

ATTM:  Tm  TwMsiii 

BdwsKds  AFB  CA  93S24 

s. 

i 

Q 

4I2TW/TS 

193  B.  Fa^soa  Av®,  Bldg  27SQ 

Edwards  AFB  CA  93S24-dg43 

3 

0 

i 

!  . 

4i2‘IW/TSTL 

307  E.  Pepea  Avt,  Bidg  14005  110 

Sdwtt'dsAFBCA  9332«S30 

3 

0 

i  ■ 

AFFl'C/HO 

1 A  S.  Resaamaad  Blvd,  Bldg  OSOiA 

Edwards  AFB  CA  93324-1113 

1 

0 

& 

Al^FlC/CAS 

193  E.  Fepea  Avs,  Bldg  27SQ 

Bdwffids  AFB  CA  9332«84.1 

1 

Q 

Q 

Totei 

43 

n 

y 

0 

w 

if 

i 

m 

B 

